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The tropical corn borer, Ostrinia furnacalis (Guenee), is 
one of the most damaging pests in areas where corn has been 
grown for several years in Thailand. This insect caused yield 
losses of more than 50% in many districts and up to 96% in 
some fields (Areekul et al., 1966). This insect has also 
caused severe damage to maize grown in China, Indonesia, 
Malaysia, and the Philippines (Areekul, 1971a). 
Serious damage occurs when corn stalks are heavily in­
fested during the tassel stage of plant development; many 
stems break from larval burrowing. Areekul et al. (1964) 
reported as many as 1,700 borers per 100 plants which was 
almost a total loss. Considerable damage is also caused from 
larval leaf feeding during the whorl stage of plant growth and 
from larvae boring into young cobs. 
0. furnacalis was previously recorded as Pyrausta 
vastatrix Schultz (Jones, 1913; Mackie, 1918), Pyrausta 
salentialis Snellen (Gater, 1925; Franssen, 1932; Corbelt, 
1928; Bunting and Milsum, 1930; Areekul et al., 1964), Pyrausta 
nubilalis var salentialis (Sn)(Van der Goot, 1948; Mcintosh, 
1949; Jepson, 1954; Matthysse, 1957; Viado et al., 1958), and 
Ostrinia salentialis Snell (Areekul et al., 1966; Mohamad; 
1966) . 
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Insecticides have shown some promise for the control of 
0. furnicalis. However, many disadvantages of this method of 
control are recognized such as the necessity of frequent, high 
cost, applications of chemicals. Thus, other less expensive 
methods with wider applicability must be sought. The use of 
resistant varieties offers many advantages. Areekul (1971b) 
emphasized the importance of host plant resistance as a 
principal method of corn borer control in Asia in the following 
statement: 
There is no doubt that the use of resistant 
varieties for borer control is the best means in 
Asia and is our ultimate goal. However, we will 
not have much success in the maize borer control 
unless the following aspects are fully investi­
gated and developed; (1) Standardized methods 
of assessment of the damage and loss caused by 
borers and (2) Standardized methods of mass 
rearing of the principal as well as minor species 
of corn borers. 
In all host plant resistance investigations, a knowledge 
of the biological relationship between the insect and the host 
plant is absolutely essential. Therefore, this investigation 
was initiated to determine several aspects of the biology of 
whs tropical corn borer in relation to the corn plant in the 
field at the National Corn and Sorghum Research Center near 
Pak Chong, Thailand. 
As the study progressed, work was included on improvement 
oZ a meridic diet for mass rearing of this insect. Some 
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systematic observations were also recorded on an important 
predator of the tropical corn borer, the earwig, Proreus 
similans Stal. 
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REVIEW OF LITERATURE 
Tropical Corn Borer, Ostrinia furnacalis 
There is evidence that corn was introduced into Thailand 
about the middle of the thirteen century (Panyalakshana, 1964). 
It was not until 1936, however, that a list of insect pests 
and their host plants was first published (Seller and Bhenchit, 
1936). In the second edition of this list, published in 1950, 
a total of 11 insect species were listed as pests of corn. 
The pink rice stem borer, Sesamia inferens Walker, was the 
only corn stalk borer included. In 1965 a complete host list 
of the insects of Thailand was published by the Department of 
Agriculture in cooperation with the U.S. Operation Mission to 
Thailand (Dept. of Agric. and U.S. Operation Mission, 1965). 
There were a total of 28 insect species listed as pests of 
corn; of these species, S. inferens and Pyrausta sp. are stem 
boring caterpillars. An extensive study on the insect pests 
of corn in Thailand was carried out by the Department of 
Entomology and Plant Pathology, Kasetsart University from 
1959 to 1964. Through the course of this study at least 76 
insect species were found to be pests of the standing crop of 
corn in the field (Areekul et al., 1964). The authors also 
pointed out that the corn borer (0. furnacalis) is the most 
serious pest in areas where corn has been grown for several 
years in succession. 
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0. furnacalis was first recorded as a pest of maize in 
Southeast Asia in 1905 (Banks, 1906). The identification of 
this species in the early publications was confused, probably 
because it is closely related to the European corn borer, 
Ostrinia nubilalis Hb. For example, Franssen (1932) considered 
species of Pyrausta found in Java, Sumatra, and Borneo as 
Pyrausta (now Ostrinia) nubilalis; this author also suggested 
that the form in Celebes and the Saleier islands, described by 
Snellen as Pyrausta salentialis, appeared to be a subspecies 
of P. nubilalis, differing only in details of its biology. 
Mutuura and Munroe (1966) revised the genus Ostrinia and 
recognized 20 species; 0. nubilalis occurs in Europe, north­
western Africa, western Asia, and as an introduced species in 
North America and 0. furnacalis (widely cited as 0. salentialis 
(Sn.)) is the pest of maize in Asia. Mutuura and Munroe (1970) 
also discussed the synonymy between 0. nxibilalia and 0. 
furnacalis. 
There are at least 18 species of alternate hosts of 0, 
furnacalis and the following are plants which are recorded as 
food for all common maize stalk borers (0. furnacalis, 0, 
nubilalis, Chilo parte1lus, and S. inferehs) in Asia: 
Andropogon nardus, Coix lachryma-j obi, Cyperus rotundus, 
Echinochloa colonum, Eleusine coracana, Panicum frumentaceum, 
Panicum maximum, and Pennisetum typhoides (Areekul, 1971a). 
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Biology damage, and natural enemies 
Areekul et al. (1964) found that field corn in each 
growing season was usually attacked by two generations of 
borers. Eggs were laid in masses of irregular shape which 
averaged 21 eggs per mass. These were found on the under 
surface of the leaf-blade near the midrib. The first instar 
larvae of the first generation feed on young leaves, while the 
first instars of the second generation feed primarily on 
tassels and sometimes beneath the husks. Third instar larvae 
tunneled into the stalk through the midribs and sheaths and 
continued to feed in stalks until they were full-grown. The 
larvae molted 4 times. The egg, larval, pupal, and adult 
stages averaged 3.7, 17.1, 5.3, and 4.2 days, respectively, 
for a total life history of 30.3 days. 
Areekul et al. (1964) found that invasion of corn stalks 
did not occur until plants were over one month old. SteiTi 
invasion increased markedly in corn following the late whorl 
stage, and reached its peak on corn approaching the mid-tassel 
stage. After that, the amount of stem infestation decreased 
rapidly. There was, however, a notable interruption at the 
late silk stage. This interruption may have been due to a 
break in the successive generations of borers. Areekul et al. 
(1964) found that tropical corn borer female moths did not 
oviposit on plants until the plants were over three weeks old. 
At least two generations of the borer occurred in each 
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growing season. Most of the eggs of the first generation were 
deposited on corn plants approaching the late whorl stage or 
between the late whorl stage and the mid-tassel stage of plant 
development. The second generation moths deposited most of 
their eggs on corn in or following the mid-silk stage of plant 
development. 
In the Philippines, Calora et al. (1965) reported that 
0. furnacalis is usually a recurrent serious pest in some corn 
growing regions of that country; these authors found that the 
start of oviposition in the field was during the whorl stage 
of the plant development. Egg masses were continuously 
encountered even up to maturity of the corn plant. About 80% 
of the egg masses were placed on the under surface of the 
leaves, while the rest were found on the upper surface. The 
newly hatched larvae did not migrate immediately to different 
parts of the plant but positioned themselves around the sites 
of the hatched eggs. After about 5 hours, the larvae crawled 
on ail parts of the plant some of them hanging on silken 
threads. All larvae finally settled in the whorl of the plant. 
At first, the larvae fed on the epidermis of the tender leaves 
and on newly developing tassels. Later the larvae punctured 
the leaves in the whorl, feeding profusely on the young leaves 
and on the spikelets of the expanding tassel. In cases where 
the larvae emerged during the tasseling stage or when the 
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plants were starting to develop ears, the larvae did not feed 
on the epidermis of the leaves nor on the tassel; instead they 
migrated to the leaf bases and the developing ears, feeding on 
the husk, or on the silk, and finally on the grains and cobs. 
The larvae became true borers when they were in the third- or 
fourth-stadium. Out of 167 larvae observed, 138 bored into 
the stalk at the third-instar and 35 bored into the stalk at 
the fourth-instar. Larval tunnels occurred on the internodes 
but they were always close to the node. In general, molting 
occurred outside the tunnel. As a consequence of this 
behavior, several holes were produced in one stalk by a single 
larva. The majority of the pupae inside the tunnel had their 
heads pointed toward the outside. Furthermore, the tunnels 
were more or less straight and shallow which enabled the 
adults to emerge easily. The longevity of the adults under 
laboratory conditions was 2 to 5 days for males and 3 to 2 
days for females. 
In Malaysia, Hua (1966) studied the biology; and chemical 
control of the tropical corn borer and observed that :maize 
stalks harboring one or two borers did not show appreciable 
damage or loss in yield. This was particularly true when 
maize stalks were healthy and robust. Loss in yield (small or 
undeveloped ears) caused by maize borers should depend on the 
stage of plant attacked, the intensity of borer attack, and 
the general condition of the plants. Late attack by the borer 
9 
was observed to have little or no effect on the yield. How­
ever, where plants showed poor growth or when intensity of 
attack was particularly severe (as many as 9 borers per stalk) 
complete or significant losses in yield resulted. The larvae 
attacked almost every part of the plant, feeding on leaf 
tissue, midribs, silks, stalks, ears, and sometimes even the 
stubbles. The greatest injury, however, was caused when 
numerous borers tunneled in the same stalk and in the ears. 
Hua (1966) also found that eggs were laid in flat masses 
of irregular shape. They were usually laid on the underside 
of leaves, sometimes on the upper side, or on the husk of the 
ear. Egg masses averaged about 30 eggs and the average number 
of eggs laid per female was slightly over 400. The incubation 
period was 3 to 4 days. Newly hatched larvae were greyish 
yellow. The head was black, wider than the width of the body, 
which was slender and tapering to a blunt end. The pro-
thoracic plate was black, mouth parts were brown and the body 
had sparse, short black hairs. Observations with potted 
plants showed that newly emerged larvae did not bore 
immediately into the stem. Where tassels were forming within 
the whorl, the larvae preferred to feed on the flower buds 
rather than the leaves. The larvae fed within the whorl, 
under protected cover, for 9 days (third or fourth instar) 
after which they migrated downwards to bore into the stem. 
The caterpillars did not enter the leaf sheaths but bored at 
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points above the ligule. The larval period was about 18 days 
and during this time the larva underwent five instars. Pupa­
tion in most cases took place in the tunnels of the stem or in 
the ear and sometimes between the ear sheaths. In maize 
stalks, the site of pupation was often near the exit holes 
just above the nodes. Pupation in the ears was in any position 
along the cob, depending on the point of entry of the borer. 
In some cases, the pupae were found in the silks and some­
times in the shank. The average pupal period was 6 days. The 
average life span of mated adults was about 6 days. Unmated 
adults showed similar longevity. There appeared to be no 
difference in longevity whether adults were fed with diluted 
honey or on plain water. Under field conditions the genera­
tions probably overlapped since at anytime one could find 
eggs, caterpillars, and empty pupal cases. Laboratory studies 
showed that there were 11 possible generations per year. 
In Celebes and Java, Franssen (1952) found that the eggs 
of 0. furnacalis were laid on the undersides and near the tips 
of the three upper leaves of the plant in the early tasseling 
stage. The larvae fed for a short time on the leaves then 
moved to the tassels where they fed gregariously. When half-
grown they bored into the upper part of the stalk immediately 
above a node. The larvae molted 4 times. The same author 
also observed that in Java, but not in Celebes, the larvae 
sometimes bored right through the node. In Celebes, 0. 
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furnacalis was exclusively a stalk borer, while in Java and 
Sumatra it was also a cob borer. 
Areekul (1971a) concluded that available data are in­
adequate to conclude that larvae and pupae of 0. furnacalis 
undergo diapause or aestivation and that this insect, which 
persists in maize stalks and stubbles, suffers heavy mortality 
from the hot - dry season prevailing in the tropics. 
Areekul et al. (1964) found that a tiny egg parasite, 
Trichogramma australicum Girault, played an import:ànt role in 
the control of tropical corn borers in Bangkhen district. 
Since this parasite was first discovered in 1959, there had 
been some evidence that the infestation of corn by the corn 
borer had decreased markedly. In 1960 the percentage of 
infestation of the borer in corn stems in untreated plots was 
84.3%. This was reduced to 75.0, 8,3, 11.8 and 2,5% in the 
same plot during the same period of growing seasons in 1951 
to 1964, respectively. Counts of parasitized and non= 
parasitized egg masses in 1962 showed that during the first 
week of egg laying by the borer, the number of parasites 
developing on a moderate corn borer population was very small, 
only about 14% of the egg masses being parasitized. However, 
the population of this parasite increased rapidly and in the 
following week, when the oviposition of the corn borer was at 
the peak, 84% of a total of 44 egg masses per 100 plants were 
parasitized. 
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In the Philippines, Buligan (1929) found that among the 
natural enemies of the com borer there were 9 Hymenopterous 
parasites; the Braconid (Chelonus communis Baker) and the 
Ichneumonid (Xanthopimpla stemmator Thunbg.) attacked larvae; 
Brachymeria (chalcis) euploeae Hope attacked pupae; the 
Reduviid (Phemius tibialis Westw.) and the Chesilochid (Proreus 
similans) were predaceous on larvae? and the Reduviid 
(Sphodronyttus erythoropterus Burm.) and the Histerid 
(Carpophilus foveicollis Murr.) attacked both larvae and pupae. 
In the United States, Frye and Brandwik (1967) studied 
factors affecting European corn borer populations in North 
Dakota and pointed out that borer populations are affected by 
various factors, including temperature, moisture, parasites, 
predators, and agronomic practices. They suggested a computa­
tion for intensity of prédation as follows; 
Intensity of prédation = 
Borers/caged plants ° Borers/uncaged plants ^ 100 
Borers/caged plants ' 
The result of prédation tests which were conducted by 
these authors at Fargo, North Dakota showed 79, 64 and 83% 
prédation in 1964, 1965, and 1966, respectively. 
Mass rearing techniques 
An attempt to rear 0. furnacalis on an artificial diet 
was initiated at the Department of Entomology and Plant 
13 
Pathology, Kasetsart University, Bangkok in 1970 (Rangdang 
et al., 1971). The ingredients of the diet were dried soybean, 
dried Brewer's yeast, ascorbic acid, rice bran, sorbic acid, 
formaldehyde, agar, water, methyl paraben, vitamin complex, 
vitamin E, choline chloride, wheat germ, casein, alphacol, and 
ground opaque-2 corn. The borers were reared in plastic boxes 
25 X 14 X 10 cm, with about 200 gm of diet and 200 larvae 
placed in each box. When the authors reared the borers on 
diets with different combinations of these ingredients, they 
found that the most satisfactory diet was opaque-2 corn plus a 
soybean based formulation. Using this diet formulation and 
the oblong plastic boxes as rearing containers, the percent 
pupation was 95.3, percent adult emergence was 98.6, and per­
cent egg hatch was 92.0. The weight of female pupae averaged 
95.0 mg and the moths produced 5.5 egg masses per female. 
Jarmornman et al. (19 72) found that larval survival was lower 
with larvae reared in plastic boxes than in paper cups (10 cm 
high, 6 cm diameter, 5 larvae each). 
Varietal resistance 
In studies to determine the reaction of corn varieties to 
borer damage (under a natural infestation at Uthong, Thailand), 
Rangdang et al. (1970) found differences in the number of 
damaged internodes among several varieties of corn. In a 
subsequent test the next year Rangdang et al. (1971) observed 
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that two of the varieties tested, Tuxpantiqua and Antigua 
Gr 2 Sel. Blanco, tended to be less damaged than Guatemala, 
a susceptible check. However, these differences were not 
statistically significant at the 5% level. 
European Corn Borer, Ostrinia nubilalis 
The European corn borer, a closely allied species of the 
tropical corn borer, does not occur in Thailand and other corn 
growing countries in Southeast Asia; this species is 
recognized as the most important maize borer in the United 
States, Europe, and some temperate regions of Asia. Some of 
the research on the European corn borer is included in this 
review because many techniques used on the European corn borer 
can probably be used on the tropical corn borer. 
Biology in relation to host plant resistance 
Brindley and Dicke (1963) and Brindley et al. (1975) 
listed a large number of publications dealing with various 
phases of the general biological relationships between the 
European com borer and its host. These authors also 
emphasized that a knowledge of these relationships plays an 
important part in the development and application of population-
management procedures. 
The response of adults of the European corn borer to light 
in egg laying was studied by Barber (1925). He found that 
constant light, increased hours of light each day, alternating 
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light nights, or a period of a few days under constant light, 
caused a considerable reduction in the number of eggs, while 
constant darkness or alternating dark days stimulated the 
production of eggs by adults. 
In studies on orientation and feeding behavior of larvae 
of 0. nubilalis on the corn plant, Beck (1956) found that the 
larvae do not feed on all parts of the corn plant but typically 
attack specific tissues. His study showed that the following 
three feeding behaviour characteristics were involved; 
negative phototaxtic, positive thigmotactic and positive sac-
charotropism responses. This author also defined saccharo-
tropism as a tendency to feed selectively on substrates 
containing a high concentration of sugars. 
Guthrie et al. (1971) summarized the biology of the 
European corn borer on corn and its relationship to borer 
resistance in the Corn Belt States as follows: 
The borer has two broods each season. Biological 
relationships between the borer and the corn plant 
are not the same for both broods. During the 
period of egg deposition by the 1st brood, most 
dent corn in the Corn Belt States is in the Whorl 
stage of plant development. The 1st- and 2nd-
instar larvae feed primarily on the spirally rolled 
leaves in the whorl. Factors that inhibit 1st-
brood borer establishment and survival on resistant 
lines are operative against the early larval instars. 
Most Ist-brood larval mortality on resistant inbreds 
occurs during the first few days after egg hatch. 
This high rate of larval mortality is a high degree 
of antibiosis against the 1st- and 2nd-instar larvae 
of a Ist-brood infestation. Therefore, Ist-brood 
resistance is actually leaf feeding resistance. As 
the plant grows out of the whorl stage, the larvae 
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develop to the 3rd and 4th instars ; these larvae 
feed primarily on sheath and collar tissue. 
Resistance on some inbred lines also has been 
evaluated for sheath and collar feeding by 3rd-
and 4th-instar larvae of the 1st brood. Inbred 
lines susceptible to the Ist-brood infestation 
suffer extensive leaf, sheath, and collar damage. 
Cavities in the stalk are caused primarily by 5th-
instar larvae. During the period of egg deposition 
by the 2nd brood, early planted corn in the Corn 
Belt States has tasseled and has completed the pollen 
shedding stage of plant development; late planted 
corn is in the pollen-shedding stage during parts of 
the 2nd-brood oviposition period. The 1st- and 2nd-
instar larvae feed primarily on pollen accumulation 
at the axils of the leaves and on sheath, collar, 
ear shoots, husk, and silk tissue. First, 2nd-, 
3rd-, and 4th- instar larvae can develop satisfactorily 
on a pollen diet; these 4 larval instars also feed 
extensively on sheath and collar tissue. Therefore, 
2nd-brood resistance is actually collar and sheath 
feeding resistance; but the husks and silks are also 
favorite larval feeding sites through 18 days of age. 
Influence of corn pollen on survival and development of 
second generation European corn borers was studied by Guthrie 
et al. (1969). They found in a field test that second genera­
tion larvae became established on inbred lines of corn 
susceptible to a second-generation infestation where 
corn pollen was not available, but more survived when pollen 
was available. In the laboratory, first- second-, and third-
ins tar larvae survived and grew satisfactorily on a diet con­
taining only pollen and agar; fourth- and fifth- instar larvae 
did not. Pollen added to a meridic diet containing wheat germ 
or corn leaf powder increased the rate of larval development 
and increased the weight of the pupae. 
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In regard to effect of feeding sites on the interaction of 
the European corn borer and its host in field corn, Chiang 
(1964) found that survival and rate of development were higher 
among borers established in internodes near the ear. However, 
infestation near the base of the plant caused a greater reduc­
tion in ear growth. Chiang (1968) found that the genetic 
make-up of insect food to be an important factor in the popula­
tion dynamics of insects, particularly for insects feeding on 
field crops where the make-up is continuously being changed 
through selection and breeding. 
Mass rearing techniques 
Guthrie et al. (1965) pointed out that research conducted 
with the European corn borer relating to host plant resistance, 
insecticide evaluation, and insect pathogens had been facil­
itated and intensified by the availability of egg masses 
produced in the laboratory. 
Guthrie et al, (1965, 1971) reported that a good source 
of moths for first generation egg production has been available 
for many years. The European corn borer overwinters as larvae 
inside stalks and 12 to 15 acres of infested corn stalks were 
placed inside three large emergence cages during November of 
each year. In late May or early June, the moths emerged and 
were collected each morning and placed in cages for egg produc­
tion. The moth emergence was synchronized with the whorl 
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stage of corn in the field. Usually, 300,000 to 500,000 egg 
masses were produced by this method for first-generation 
studies. Egg masses were not as readily available for second-
generation tests. 
Over a period of several years, a wheat germ diet was 
developed for rearing the European corn borer. For small 
laboratory tests, larvae were reared on a plug of diet in 3 
dr. vials (1 larva/vial); over 90% survival was usually 
obtained with this method. Larger numbers of insects were 
needed during thm summer season; larvae were reared, therefore, 
in dishes (10" diameter, 3 1/2" deep); 40 egg masses (ca. 1000 
larvae) were placed in each dish and ca. 320 pupae were 
recovered from each dish. In recent years over 1 million egg 
masses have been produced each season for first-generation 
studies and 400,000 egg masses for second-generation studies. 
This technique has accelerated research on second-generation 
resistance and also on other biological studies. Almost all 
of the research at the European Corn Borer Research Unit, 
Ankeny, Iowa is dependent on egg production in the laboratory; 
progress would be nil in most projects without this technique 
(Guthrie et al., 1965; Guthrie et al., 1971; Lewis and Lynch, 
1969; Lynch and Lewis, 1971). 
European corn borers reared continuously on a meridic 
diet can not be used on host plant resistance studies because 
the larvae lose their virulence to infest corn plants. 
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European corn borers can be reared on a meridic diet for 1 to 
14 generations without loss in virulence; virulence starts 
to break down by the 17th generation and by the 34th genera­
tion, larval survival is so low on field corn that relative 
resistance ratings of corn genotypes can not be made (Huggans 
and Guthrie, 1970; Guthrie and Carter, 1972; Guthrie et al., 
1974; Rathore and Guthrie, 1973). 
Varietal resistance 
Brindley and Dicke (1963) and Brindley et al. (1975) 
reviewed research on host plant resistance. A leaf feeding 
rating scale (classes 1 = least to 9 = high amount of leaf-
feeding damage) was developed for rapidly evaluating a large 
number of corn genotypes for resistance to a first-generation 
infestation (leaf feeding); at the present time ca. 10,000 
plots of corn are evaluated each season for first-generation 
resistance. Cavity counts (inches of damage in the stalk) are 
used as an index of resistance to a second-generation infesta­
tion; ca. 2,000 plots of corn are evaluated each season. 
First-generation infestations are made by placing egg masses 
in the whorl of the plants. Second-generation infestations 
are made by pinning egg masses to the underside of corn leaves 
(Guthrie et al., 1971). 
More information on genetics and breeding for resistance 
is available with the European corn borer than with any other 
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species of insect attacking corn. Resistance to leaf feeding 
by first-generation larvae has been easy to find (Guthrie and 
Dicke, 1972). 
In most cases resistance to leaf-feeding by first-
generation larvae is conditioned by genes at several loci and 
effects are cumulative among loci. Ibrahim (1954) and Scott 
et al. (1966), using reciprocal translocations, found that 
several chromosome arms carried genes for leaf-feeding 
resistance. Scott et al. (1964) determined the type of gene 
action involved in leaf-feeding resistance by using Fg, F^, 
and selfed backcross populations of CI31A(R) x B37(S) plus 
individual Fg plants of (CI31A x B37) x CI31A and Fg plants of 
(CI31A X B37) X B37; most of the genetic variance was of the 
additive type. 
Fleming et al. (1958) suggested backcrossing as a method 
of adding resistance to otherwise desirable inbred lines. In 
many efforts to breed for leaf-feeding resistance, however, 
the backcross method was not successful in transferring 
resistance to susceptible inbred lines. The desired genotypes 
could not be identified in the segregating generations? when 
more than two backcrosses were used, the needed level of 
resistance was lost. The level of resistance could be 
increased, however, by intermating among resistant plants in 
progeny of the first- or second- backcross (Russell, 1972). 
Penny et al. (1967) showed that recurrent selection was very 
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effective in increasing the level of resistance to first 
generation corn borers in five corn populations. 
The technique of rearing European corn borer larvae on a 
meridic diet has greatly accelerated research on sheath-
feeding (second generation) resistance. Jennings et al. 
(19 74a) used a generation mean analysis, consisting of nine 
populations (P^, Pg, F^, , F^, BC^, BC^ and selfed progenies 
of both backcrosses), to determine the genetic basis of sheath-
feeding resistance. In four different experiments, B52 was 
used as the resistant parent (^) and B39, L289, Oh43, and WF9 
were used as the susceptible parent (Pg). The data suggested 
that high resistance to sheath feeding may be the resultant 
cumulative effect of an unknown number of loci. Additive 
genetic effects were predominant in conditioning resistance, 
but dominance was significant in all crosses. Jennings et al. 
(1974b) used a diallel analysis involving 10 inbred lines and 
their 45 single crosses to demonstrate further that additive 
type of gene action conditions resistance to a second-
generation infestation. 
Resistance to the first generation has been easy to find 
(Guthrie and Dicke, 1972) but frequencies of genes that condi­
tion second-generation resistance are low in populations of 
corn in the Corn Belt States (Jennings et al., 1974a); 
consequently, population improvement is needed to increase the 
gene frequencies. Selection for resistance to both generations 
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of the European corn borer in the same plant population is a 
desired goal of researchers. A sampling of a synthetic variety 
developed by combining 10 inbred lines that among them con­
tributed first- and second-generation resistance, showed a 
correlation near zero for evaluations to the two kinds of 
resistance. A recurrent selection program based on line 
evaluation was recommended to increase gene frequencies to both 
generations in a population which can then be used as a source 
for resistant lines (Russell et al., 1974). Because several 
loci are involved (Jennings et al., 1974a), a backcross 
program may not be successful in transferring all resistance 
genes to other lines. 
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CLItlATIC FEATURES OF THAILAND 
Thailand is situated at 6° - 20° north latitude and 97° -
106° east longitude; it is bordered by Burma to the west, Laos 
and Cambodia to the east, and Federal of Malaysia to the south. 
Her size of 514 thousand square kilometers is comparable to 
Spain or about two thirds the size of Texas. The climate is 
monsoonate. The S.W. monsoon, blowing between May and October, 
brings rain to the country. Additional rainfall results from 
depressions in the China sea. The highest annual precipita­
tion recorded in the southern region (1962) is 377 cm per year 
and the least precipitation in the northern region is 84 cm. 
During November to February the N.E. monsoon, blowing across 
the China mainland, brings dry and cool weather, dropping the 
temperature as low as 4° C (41° F) in the northeast region. 
In the hot season- between March and May, inland temperatures 
are as high as 38° C (100.4° F). 
Suwan Farm is located at an altitude of 300 meters above 
sea level and is located 155 kilometers northeast of Bangkok. 
Its total area is 2,139 rai (342 hectares). The soil is 
classified as clay loam. There are two types of soil, red 
brown earth with a pH ranging from 6.8 - 7.0 and reddish brown 
lateritic with a pH of about 5.5. The average annual tempera­
ture is about 30° C (86° F) maximum and 19° C (66.2° F) 
minimum. The cool period begins in December with an average 
maximum temperature of 27° C (80o6° F) and a minimum of 14° C 
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(57.2° F). Hot weather starts in March with average maximum 
and minimum temperatures of 33° C (91.4° F), and 19° C 
(66.2° F), respectively. Annual rain-fall at Suwan Farm is 
about 100 cm, more than half falling during July to October. 
The period from November to February is considered dry with a 
small amount of precipitation expected from March to June 
(Table 1). 
Natural vegetation at Suwan Farm used to be forest of 
soft and hard wood trees. In fact, farming around Suwan Farm 
was not started until the government constructed the Friendship 
Highway in 1959. Corn proved to be the most profitable crop 
for newly cleared land and became famous in the area. Usually 
double cropping of corn - corn, corn - cotton, corn - sorghum 
or corn - legumes is practiced by the farmers. The first 
planting season is in March-April and the second in July-
August. However, one crop of corn grown in July-August is 
still practiced by some farmers. 
Common insect pests of corn of the area are: corn leaf 
aphids, Rhopalosiphum maidis Fitch.; armyworms, Mythimna 
separata (Walker) and corn thrips, Frankliniella williamsi. 
One interesting observation concerning common insect pests of 
corn at Suwan Farm and the neighboring high altitude area, is 
the general absence of the tropical corn borer, although flint 
corn has been grown in this area for more than 15 years. This 
insect pest occurs annually in most corn growing areas in the 
large central plain. 
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Table 1. Climatological summary of Suwan Farm based on a 
three year average (1970 to 19 72) 
CF) Distribution 
Month Maximum Minimum Average , » of rainy 
days per month 
January 69.3 57.2 63.3 0.6 1.0 
February 87.4 62.4 74.9 19.8 2.5 
March 89.8 66.6 78.2 32.6 5.7 
April 89.6 69.6 79.6 124.5 11.3 
May 89.1 71.2 80.1 109.3 11.7 
June 86.9 70.3 78.6 110.8 15.0 
July 86.0 71.2 78.6 79.9 11.3 
August 84.9 70.0 77.4 159. 3 13.7 
September 84.6 70.5 77.5 315.2 16.3 
October 82.8 67.6 75.2 125. 8 11.3 
November 81.1 64.6 72.8 61.8 9.0 
December 81.7 61.5 71.6 34. 3 3.0 
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MASS REARING THE TROPICAL CORN BORER 
All experiments reported in this dissertation were con­
ducted at the National Corn and Sorghum Research Center, Suwan 
Farm, Thailand which is located near Pak Chong (ca. 155 km 
northeast of Bangkok) or at Chainat. 
Mass rearing of 0. furnacalis was started by collecting 
infested corn stalks from an area where natural occurrence of 
the borer is common; pupae collected from these infested 
stalks were kept at Suwan Farm at room temperature. Adults 
emerging from them were placed in paper cups, 6 cm diameter 
and 8 cm high (three pairs per cup). To prevent escape of the 
moths, the open mouth of the cup was covered with fine-mesh 
cloth. These oviposition cups were kept at 25-28®C (77-83°F) 
and 80-85% r.h, in total darkness. Drinking water for the 
moths was provided by spraying plain water on top of the cloth. 
Egg masses laid on the inner side of the paper cups were col­
lected by cutting the portions of the cup where the eggs were 
deposited. These egg masses served as initial stock of wild 
borers for the culture. 
The standard meridic diet used in these studies was 
slightly modified from the diet developed by Rangdang et al. 
(1971) and the general rearing procedure was adapted from that 
described by Guthrie et al. (1971) for the European corn borer. 
The ingredients in the tropical corn borer meridic diet 
are presented in Table 2. For larval rearing, clear plastic 
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containers with friction lids were utilized. These round 
containers were 22 cm in diameter and 8 cm high (Figure 1). A 
10 cm diameter circular opening was cut from the lid to provide 
ventilation. Brass screen (80 X 60-itiesh) , to prevent larval 
escape, was cemented under the circular "window". 
The diet was prepared in 1,850 g batches, poured directly 
into the plastic rearing dishes to a depth of 3 cm, and 
allowed to solidify. Each batch of diet was adequate for two 
dishes. The meridic diet was prepared by adding 250 ml water 
to agar and heating until the agar was cooked. Then 200 ml of 
water that had been cooled in a refrigerator were added and 
stirred until the medium had cooled, meanwhile the wheat germ, 
ground corn, dried soybean (ground to powder), and Brewer's 
yeast were placed in a blender with 450 ml water and blended 
for 4 minutes. Next formaldehyde, sorbic acid, and methyl 
paraben were added to the mixture and blended for 2 minutes. 
Finally the cooked agar, vitamins, and choline chloride were 
added and blended for another 3 minutes. While the completed 
diet mixture was still liquid it was poured into the dishes 
(Figure 1). The top of the cooled diet was scratched with a 
fork to provide a surface that encouraged the larvae to start 
feeding instead of crawling over the diet and on the sides of 
the dish. Each dish was infested with 40 egg masses (ca. 800 
eggs). The dishes were placed in an incubation room; the 
temperature in the room was 25-28°C and 80-85% r.h. 
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Strips of corrugated paper (1" wide, treated in hot wax) 
were placed in the dishes for pupation (Figure 2). Sorbic 
acid was added to the hot wax at a concentration of 5% by 
weight. The sorbic acid in the wax helped considerably in 
controlling mold. To enhance crawling of mature larvae from 
the diet into the corrugated strips, the lids and upper half 
of the dishes were painted black (Figure 1). 
Three weeks after egg hatch, the corrugated strips 
containing pupae were removed from rearing dishes and replaced 
with empty ones. The corrugated strips which had been removed 
from the dishes were carefully un-coiled and exposed pupae 
were put into empty rearing dishes and kept at room temperature 
for adult emergence. Moths (Figure 3) emerging from these 
pupae were collected and transferred to oviposition cages for 
egg production every morning. Each oviposition cage (Figure 
4) was 60 cm long, 30 cm wide, and 34 cm high. All wood areas 
inside of the cage were covered with 14 X 18 mesh screen to 
prevent egg deposition on the cages. The top of the cage was 
covered with 4 mesh hardware wire. The two waxed paper sheets 
(15 cm X 60 cm) were placed on top of the cage for egg deposi­
tion and held in place with a 30 cm X 61 cm rubber pad. The 
oviposition room was held at a temperature of 25-28®C. Rela­
tive humidity was maintained at about 85%; the room was kept 
dark except for a half hour each day. The waxed sheets of 
paper, containing egg masses, were removed each morning. 
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Moths were provided with drinking water by spraying the cages 
with water each morning and night. 
Disks of waxed paper, each containing one corn borer egg 
mass, were cut from the paper sheets with a specially designed 
punching machine (Figures 5 and 6) which was modified from the 
one used at the European Corn Borer Research Unit, Ankeny, 
Iowa (Guthrie et al., 1965). The punch (Figure 6) and die 
were made of hard tempered steel. The disks of waxed paper 
each containing an egg mass fell through the die onto a 
specially designed egg collector (Figure 7) placed on a turn­
table arrangement. A small electric motor, mounted on the 
frame, operated the turntable. 
The egg collector (Figure 7) which also was modified from 
the one described by Guthrie et al. (1965) was constructed as 
follows : The bottom piece was made of 0.6 cm plywood, 56 cm 
in diameter. A circular ring of 1.3 cm plywood (4,5 cm wide) 
was then nailed to the outside of the bottom piece; a center 
piece of 1.3 cm plywood (25 cm in diameter) was also fastened 
to the bottom piece. Screen wire (16 mesh) was stretched 
tightly across the entire disk and a 0.6 cm circular piece 
(4.5 cm wide) was nailed on top of the screen to the center 
piece. Thus there was a 1.3 cm clearance between the screen 
and bottom piece so the waxed paper disks could be pushed from 
the point to the center of a steel pin. The two top pieces 
prevented the paper disks from falling off the edge and from 
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collecting in the center. 
The waxed paper disks, containing egg masses, were pinned 
on 20 X 25 cm celotex boards or plastic foam (200 disks per 
board) and placed in an incubator operating at a temperature 
of 28°C (83°F) and 80% r.h. Since plant growth and egg pro­
duction were not always synchronized, some egg masses were 
delayed in hatching for 1 to 2 weeks by incubating them at a 
temperature of 20°C (64°F) under high humidity (95% r.h.). 
Although, an attempt to rear 0. furnacalis on an artificial 
diet had been initiated some 4 years earlier (Rangdang et al., 
1970), detailed information regarding effectiveness of rearing 
the insect on diet in large dishes was not available. To obtain 
such essential information, various aspects of the tropical 
corn borer biology were determined on the meridic diet. 
Experiment I 
The first biological data obtained was the percentage egg 
hatch of tropical corn borers reared on a meridic diet. One 
hundred egg masses (near hatching) from borers reared for two 
generations on a meridic diet were placed in two rearing dishes 
(50 egg masses/dish). The dishes were kept in an incubation 
room at 25-28°C and 80-85% r.h. One week after egg hatch, all 
disks containing hatched egg masses were removed from the 
rearing dishes. Percentage egg hatch of individual egg masses 
was determined by observing the hatched egg masses under a 
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dissecting microscope. Egg masses in which all egg shells 
were emptied were considered to have 100% hatch. Those masses 
with unhatched eggs were examined for percentage egg hatch by 
dividing the number of emptied egg shells by the total number 
of eggs and multiplying by 100. 
The distribution of percentage egg hatch from borers 
reared on a meridic diet for two generations is presented in 
Table 3; 84% of the egg masses had 90-100% hatch, 12% of the 
masses had 75-89% hatch, and 4% of the masses had 55-74% hatch. 
Experiment II 
To further determine the effectiveness of diet formula­
tions and procedures involved in mass rearing, borers reared 
one and three generations on a meridic diet were compared with 
borers from the natural population (wild borers). Wild borer 
pupae were collected from corn stalks and were weighed; 100 
pupae from each of the two groups reared on a meridic diet 
were weighed. Pupae size of each borer group could, therefore, 
be determined. The number of egg masses and the number of 
eggs per mass for each borer group were also determined. 
Number of eggs/mass from wild borers compared with larvae 
reared one and three generations on a meridic diet was fairly 
similar (Table 4). The wild borers had a peak frequency of 
26-30 eggs/mass, borers reared 'for one generation on a meridic 
diet had a peak frequency of 21-25 eggs/mass, and borers 
reared for three generations on a meridic diet had a peak 
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frequency of 16-20 eggs/mass. 
Pupae from wild borers weighed considerably more than did 
pupae from borers reared one and three generations on a meridic 
diet (Table 5). Pupal weights of wild borers ranged from 90 
to 139 mgs; pupal weights of borers reared for one generation 
on a meridic diet ranged from 50 to 94 mgs, and pupal weights 
from borers reared for three generations on a meridic diet 
ranged from 50 to 84 mgs. The data on pupal weights indicate 
that the meridic diet is inferior. 
Experiment III 
In order to observe the effect of a meridic diet on the 
survival of tropical corn borer larvae, the number of 
surviving larvae was recorded at 15, 19, and 25 days after egg 
hatch. A total of 17 rearing dishes of stock culture (20 egg 
masses/dish) was utilized in this study. All egg masses came 
from the same borer culture and all dishes were kept in an 
incubation room at a temperature of 25=28°C and 80=85% r.h. 
Three dishes were used for 15 day old larvae, 11 for 19 day old 
larvae, and 3 for 25 day old larvae. 
Larvae reared on a meridic diet for 15, 19 and 25 days 
had an average of 81.1, 39.3, and 30.5% survival (Table 6 and 
Figure 8). There was a sharp decrease in survival between 15 
and 19 days after egg hatch. This would indicate that the 




The overall results of the tropical corn borer mass 
rearing study in 1973 are presented in Table 7. Percent 
survival to pupation for the June and July cultures was low 
(a range of 3.4 to 16.4); percent survival to the adult stage 
was also low (a range of 2.6 to 12.5). The low survival to 
pupation and to adults of larvae reared for two generations 
on the meridic diet was because diet in many dishes decayed. 
The number of egg masses produced from moths originating from 
larvae reared on the meridic diet was very low (a range of 
1.1 to 2.8 masses/female). 
The mass rearing procedure used in 1973 was inadequate. 
The diet probably contained an insufficient amount of some 
essential nutritional substance. The meridic diet contained 
ground opaque-2 corn as a base» D= Guthrie and P, J. 
Loesch (unpublished, ISU) found that opaque-2 corn was 
inferior to wheat germ as a source of protein for European 
corn borer development. Research was undertaken in 1974 to 
improve the diet (see next section). 
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Table 2. Ingredients in a meridic diet used for rearing 




Water 1 0 0 0 . 0  ml 
Agar 1 6 . 0  g  
Wheat germ^ 2 . 0  9  
u 
Ground corn 9 6 . 0  9  
Dried soybean^ 5 0 . 0  9  
Brewer's yeast^ 4 0 . 0  9  
Ascorbic acid 4 . 0  9  
Formaldehyde ( 4 0 % )  2 . 5  9  
Vitamin E 1 . 5  9  
Vitamin complex*^ 5 . 0  9  
Choline chloride 2 . 0  9  
Sorbic acid 1 . 3  9  
Methyl Paraben 2.5 9  
Aureomycin® 1 2 5 . 0  mg 
'^îutriticnal Biochemicals Corp., Cleveland, Ohio. 
^Whole kernel of opaque-2 corn, ground fine. 
^Soybean, Glycine max Merr., ground fine. 
"^Abbott's Vidaylin - M. 
Lederle. 
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Figure 1. Plastic rearing containers, with solidified meridic 
diet inside, used for tropical corn borer mass 
rearing, Suwan Farm, 1974 
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Figure 2. Larval rearing dish containing meridic diet, 
developing larvae, pupae, and corrugated strip 
Figure 3. Adults of the tropical corn borer, Ostrinia 
furnacalis 
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Figure 4. Oviposition cage for tropical corn borer egg 
production 
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Figure 5. Egg punching machine 
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Figure 6» Egg punching machine with punch and coiled spring 
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Figure 7. Egg collector 
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Table 3. Distribution of percentage egg hatch of 0. furnacalis 
reared on a meridic diet, Suwan Farm, 1973 













^Based on a count of 100 egg masses from borers reared 
for two generations on a meridic diet. 
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Table 4. Frequency distribution of number of eggs/egg mass of 
wild borers and borers reared for one and three 
generations on a meridic diet, Suwan Farm, 1973 
Class Class frequency (no. of egg masses) 
(eggs/egg-mass) Wild First Third 
borer generation generation 
borer borer 
1- 5 0 7 1 
6- 10 0 8 5 
11- 15 0 7 16 
16- 20 5 8 19 
21- 25 5 15 9 
26- 30 9 11 13 
31- 35 4 10 11 
36- 40 2 9 9 
41- 45 1 6 3 
46- 50 2 3 4 
51- 55 1 4 4 
56- 60 2 2 1 
61- 65 2 2 3 
66- 70 1 4 2 
71- 75 1 1 
76- 80 0 
81- 85 0 
86- 90 0 







Table 5. Frequency distribution of pupal weight of wild 
borers and borers reared for one and three genera­
tions on a meridic diet, Suwan Farm, 1973 
Class Class frequency (number of pupae) 
(pupal weight Wild First Third 
in mg.) borer generation generation 
borer borer 
50- 54 16 
55- 59 2 4 
60- 64 5 11 
65- 69 7 2 
70- 74 6 5 
75- 79 6 0 
80- 84 2 2 
85- 89 0 
90- 94 3 1 






125-129 ' 1 
130-134 0 
135-139 1 
Tab le 6. Larval survival of tropical corn borers when reared on a meridic diet for 
15, 19, and 25 days after hatch, Suwan Farm, 1973 
Age of Dish^ No. of egg No. of larvae No. of recovered % 
larvae no. masses used per dish° larvae per dish survival 
(days) per dish 
15 1 20 400 242 60.5 
2 20 400 414 103.5 





19 1 20 400 100 25.0 
2 20 400 178 44.5 
3 20 400 164 41.0 
4 20 400 71 17.8 
5 20 400 171 42.8 
6 20 400 235 58. 8 
7 20 400 118 29.5 
8 20 400 103 25.8 
9 20 400 62 15.5 
10 20 400 234 58.5 
11 20 400 293 73. 3 
Average 39.3 
25 1 20 400 97 24.3 
2 20 400 199 49.8 
3 20 400 69 17,3 
Average 30.5 
^Unequal number of dishes observed at each age-group of larvae was due to the 
availability of egg masses. 
^Based on an average of 20 eggs/egg mass. 
Figure 8. Survival pattern of tropical corn borer larvae 
reared on a meridic diet, Suwan Farm, 1973 
%  L A R V A L  SURVIVAL 
Table 7. Mass rearing the tropical com borer on a meridic diet. Suwan Farm, 1973 
No. of No. of Total n^ter; No. of Sex % survival tot 
genera- dishes® Egg masses Newly No. recovered No. of egg masses ratio Pupation Adult 
tion on "seeded" hatched ~ Adult egg per female M;F 
diet larvae^ PU]?ae Male Female masses 
•Tiane culture 




 13.1 11.3 
2nd 42° 1,9137 45,701 1, 546 547 617 1,164 2.0 1:1.3 3.4 2.6 
3rd 4 KsO 3,200 472 167 208 471 2.8 1:1.2 14.7 11.7 
4th 22 1,138 20,484 3,180 1,191 1,375 1,274 1.1 1:1.2 15.5 12.5 
Jiiilv culture 
1st 12 4130 12,000 1,749 668 770 1,112 1.7 1:1.2 14.6 12.0 
2nd 10 4:22 9,706 1,588 511 700 1,283 2.5 1:1.4 16.4 12.5 
^Unequal number of rearing dishes was due to unavailability of egg masses. 
^The total nundaer of larvae was based on an assumption that number of eggs/egg mass of the first, 
second, third and fourth generations were 25, 23, 20, and 18 eggs/egg mass, respectively. 
^Out of 42 dishes, 36 were badly decayed after 17 days of rearing. 
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EFFECT OF CORN POLLEN, CORN LEAF POWDER, WHEAT GERM, 
AND MUNGBEAN IN A MERIDIC DIET ON SURVIVAL 
AND DEVELOPMENT OF THE TROPICAL CORN BORER 
Second generation European corn borer moths are in flight 
during the pollen shedding stage of plant growth and pollen 
was found to be important in establishment of second generation 
larvae; first, second, third, and fourth instar larvae can 
live on pollen alone (Guthrie et al., 1969). W. D. Guthrie 
and P. J. Loesch (unpublished, ISU) found that opaque-2, 
floury-2, or normal corn substituted for wheat germ or casein 
did not satisfy the European corn borer's requirement for 
protein. 
Some of the ingredients such as wheat germ in the meridic 
diet used for rearing the European corn borer are difficult to 
obtain in Thailand. Various ingredients in a meridic diet 
were evaluated, therefore, for rearing the tropical corn 
borer. 
The effect of corn pollen, corn leaf powder, wheat germ 
and mungbean (Phaseolus aureus Roxb.) on larval survival and 
development was determined by substituting them for one or 
more of the ingredients in the standard meridic diet. The 
standard diet contained ground opaque-2 corn and soybean as a 
base. Whole kernels of opaque-2 corn, dried soybeans, and 
mungbeans were ground fine before use. Corn leaf powder was 
obtained from a variety of flint corn, Guatemala; during the 
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late whorl stage of plant growth, the plants were cut just 
below the whorl, chopped into 1 cm pieces, dried, and ground 
into powder. Pollen was collected from a variety of flint 
corn (Guatemala) and from sweet corn; foreign material was 
removed from the pollen. 
Preparation of the diet was similar to the methods 
described in the mass rearing section. The larvae were reared 
individually on plugs of diet placed in 3-dram vials. The 
vials were held in trays containing 10 rows of 16 vials per 
row. Each row contained one treatment. A randomized complete 
block design with six replications was used with treatments 
randomized within each tray and a tray was one replication. 
The incubation room was maintained at a temperature of 25°C 
(78®F) and 80-85% r.h. 
The criteria used for evaluating the effect of pollen, 
corn leaf, wheat germ, and mungbean on larval survival and 
development were; (1) percentage survival to pupation, 
(2) percentage survival to adult, (3) days to pupation of 
males and females, (4) days to adult stage of males and 
females, and (5) weight of female and male pupae. Arcsin 
transformation was used in computing the analysis of variance 
for percentage larval survival to pupation and percentage 
survival to adult. Analysis of variance with mean separation 
techniques was utilised in order to obtain meaningful informa­
tion for group comparisons. 
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Experiment I 
Detail data and analysis of variance for Experiment I are 
presented in Appendix Tables 34-42 and the diets are given in 
Table 8. The results as summarized in Table 9 were as follows: 
Larval survival and development on the standard diet (Treatment 
1) was poor but was improved by the substitution of corn-leaf 
powder for opaque-2 corn (T2) or the addition of pollen (T5 
and 7). Larval development was good on the standard diet with 
pollen (T5) and the same diet without opaque-2 corn (T7), 
showing little or no effect of the opaque-2 corn. 
Although very few larvae survived to pupation on the diet 
containing only pollen and mold inhibitors (T6), larvae reared 
on this diet for 6 and 9 days and then transferred to the 
standard diet (T8 and 9) exhibited better survival and develop­
ment than did larvae reared throughout on the standard diet 
(Tl), This further indicated the value of corn pollen in the 
diet. The performance of larvae on the mungbean diet (T4) was 
in general superior to the other diets. Practically no larvae 
survived on the modified European corn borer diet (T3 and 10), 
indicating that it was not suitable for rearing the tropical 
corn borer. 
Experiment II 
Detail data and analysis of variance are presented in 
Appendix Tables 43-51 and the diets are recorded in Table 10. 
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The results as summarized in Table 11 were as follows: In 
general the performance of the standard diet (Treatment 1) was 
much better in Experiment II than in Experiment I (64.6% 
larval survival to pupation compared with 18.8%). Borers used 
in Experiment I were obtained from a culture reared for three 
generations on a meridic diet, whereas borers used in Experi­
ment II were obtained from a culture reared for six generations 
on a meridic diet. In our mass rearing program, larval 
survival has been higher in later generations reared on the 
standard meridic diet than in earlier generations. 
There was a slight improvement in borer survival and 
development by adding pollen to the standard diet (T2 compared 
with Tl). The substitution of wheat germ for opaque-2 corn 
(T3) and the addition of pollen to the wheat germ diet (T4) 
did not in general give improved performance over the standard 
diet (Tl). The survival and devslopment of larvae on the 
mungbean diet was poor (43.8% survival to pupation) as compared 
with Experiment I (85.4% survival to pupation). This may have 
been due to a change in source of leaf powder; in Experiment II, 
leaf powder was obtained from inbred line WF9 (grown in Iowa), 
whereas in Experiment I, leaf powder came from corn variety, 
Guatemala (grown at Suwan Farm). 
Addition of pollen to the mungbean diet, with and without 
leaf powder (T6 and 7), gave better performance than did the 
mungbean diet alone (T5). Larval survival was low on 
Treatments 8, 9 and 10 (pollen diet, larvae transferred to the 
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mungbean diet after 3, 6, or 9 days, respectively); Larvae 
feeding on pollen for 6 (T9) and 9 (TIO) days survived better 
than did larvae feeding on pollen for 3 days (T8). 
The standard and mungbean diets did not perform the same 
in both experiments indicating a need for further evaluation. 
Both experiments, however, showed that pollen was beneficial 
for survival and development of the tropical corn borer. 
Table 8. Treatments and ingredients used in a meridic diet. 
Experiment I. Suwan Farm, 1974 
Ingredient Treatments^ 
1. Water (ml) 500.0 800.0 500.0 1000.0 
2. Agar (g) 8.0 8.0 10.8 25.0 
3. Wheat germ (g) 1.0 1.0 20.0 -
4. Corn-leaf powder (g) - 47.0 - 20.0 
5. Ground corn (g) 48.0 - - -
6. Mungbean 
Brewer's yeast 
(g) - - — 100.0 
7. (g) 20.0 20.0 - 13.3 
8. Soybean (g) 25.0 25.0 - -
9. Corn pollen (g) - - - -
10. Vitamin complex (g) 2.5 2.5 3.5 4.0 
11. Vitamin E (g) 0.7 0.7 - -
12. Ascorbic acid (g) 2.0 2.0 4.6 4.3 
13. Sorbic acid (g) 0.6 0.6 0.6 1.5 
14. Aureomycin (mg) 50.0 50.0 50.0 50.0 
15c Methyl Paraben (g) 1.2 1.2 1.2 2.7 
16. Formaldehyde (g) 1.2 1.2 1.2 2.7 
17. Casein (g) - 17.0 -
18. Choline chloride (g) 1.0 1.0 - -
19. Cholesterol (g) — — 1.2 -
20. Salt #2 (g) - — 5.5 -
21. Fumidil B (g) - - 0.2 -
22. Proprionic acid (ml) - - 3.2 
23 Sucrose (g) - - - 60.0 
24. Dextrose (g) — - 15.4 -
Treatments : 
1. Standard diet (opaque-2 and soybean based diet), SD; 
2. SD + corn-leaf powder (opaque-2 excluded); 
3. Ankeny European corn borer diet; 
4. Mungbean + corn-leaf based diet, MB; 
5. SD + com pollen (reared to adult) ; 
6. Agar + mold inhibitors 4 pollen (reared to adult); 
7. SD + pollen (substitute for opaque-2) and reared to adult; 
8. Agar + mold inhibitors + pollen (transferred after 6 days 
to SD); 
9. Agar + mold inhibitors + pollen (transferred after 9 days 
to SD); 
10. Agar + mold inhibitors + pollen (transferred after 6 days 
to European corn borer diet). 
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5 6 7 8 9 10 
600.0 500.0 500.0 500.0 500.0 500.0 
8.0 8.0 8.0 8.0 8.0 8.0 
1,0 — 1.0 — — — 
48.0 - - - - -
20.0 — 20.0 — — — 
25.0 — 25.0 - — — 
75.0 75.0 75.0 75.0 75.0 75.0 
2.5 - 2.5 - - -
0.7 - 0.7 - - -
2.0 — 2.0 — - -
0.6 0.6 0.6 0.6 0.6 0.6 
50.0 - 50.0 - - -
1.2 - 1.2 - - -
1.2 - 1.2 — — -
1.0 1.0 
Table 9. Effect of corn pollen, corn leaf powder, opaque-2 corn, and mungbean in a 
meridic diet on survival and development of O. furnacalis. Experiment I. 
Suwan F aim, 1974 
Treat­ % survival % survival Days to pupation Days to adult Pupal we ight (mg: 
ment^  to pupation to adult Female Male Female Male Female Male 
1 18.8 ab^  13.5 a 29.0 (-) 30.8(-) 37.3(-) 38.9 (-) 80.0(-) 67.9(-) 
2 26.0 b 22.9 a 29.2 b 26.8 b 36.8 b 34.6 b 70.0 a 56.3 a 
3 (_)2 « (-) (-) (-) (-) (-) (-) (-) 
4 85.4 d 81.3 c 24.4 a 21.7 a 32.8 a 29.7 a 106.7 b 67.6 b 
5 62.5 c 57.3 b 28.4 b 25.7 b 36.1 b 33.6 ab 93.4 b 67.7 b 
6 11.5 a 2.1(-) (-) (-) (-) (-) (-) (-) 
7 64.6 c 54.2 b 27.4 b 27.5 b 35.5 b 35.5 b 93.3 b 68.6 b 
8 49.0 c 39.6 b 3 0.5 b 28.2 b 38.5 b 36.9 b 85.8 ab 63.1 ab 
9  50.0 c 40.6 b 2 8.8 b 27.8 b 37.1 b 35.8 b 93.2 b 58.1 a 
10 2.1(-) 1.1(-) (-) (-) (-) (-) (-) (-) 
LSD .05 9.95 8.84 3.81 3.43 4.10 4.03 19.30 8.92 
LSD .01 13. 35 11.90 5.16 4.66 5.56 5.47 26.19 12.10 
CV 20.04% 18.30 11. 38 10.95 9.58 9.87 17. 83 11.78 
T^reatments : Each figure in a column of treatment means represents an average 
of 96 larvae (6 replications of 16 larvae each): 1. standard diet (opaque-2 corn + 
soybean base diet) SD; 2. SD + corn-leaf powder (opaque-2 corn excluded) ; 3. Ankeny, 
European corn borer diet; 4. mungbean + corn-leaf base diet, MB; 5. SD + pollen 
(reared to adult); 6. agar + mold Inhibitors + pollen (reared to adult); 7. SD + 
(pollen substituted for opaque-2 corn), (reared to adult); 8. agar + mold inhibitors 
+ pollen (transferred after 6 days; to SD) ; 9. agar + mold inhibitors + pollen (trans­
ferred after 9 days to SD)? 10. agar + mold inhibitors + pollen (transferred after 6 
days to European corn borer diet). 
D^uncan's multiple range test. Means within each column followed by the same 
letter do not differ significantly at the 5% level of probability (Analyses of 
variance calculated on data in % transformed to angles = arcsin). 
2 (-) denotes that individuals» reaching this stage were too few to include data 
in the analysis. 
Table 10. Treatments and ingredients used in a meridic diet. 
Experiment II. Suwan Farm,. 1974 
ingredient Treatments^ 
1. Water (ml) 600.0 800.0 800.0 800.0 
2. Agar (g) 8.0 8.0 8.0 8.0 
3. Wheat germ (g) 1.0 1.0 45.0 45.0 
4. Corn-leaf powder (g) - - - -
5. Ground corn (g) 48.0 48.0 - -
6. Mungbean 
Brewer's yeast 
(g) - — "= 
7. (g) 20.0 20.0 20.0 20.0 
8. Soybean (g) 25.0 25.0 25.0 25.0 
9. Corn pollen (g) - 70.0 - 70.0 
10. Vitamin complex (g) 2.5 2.5 2.5 2.5 
11. Vitamin E (g) 0.7 0.7 0.7 0.7 
12. Ascorbic acid (g) 2.0 2.0 2.0 2.0 
13. Sorbic acid (g) 0.6 0.6 0.6 0.6 
14. Aureomycin (mg) 50.0 50.0 50.0 50.0 
15. Methyl Paraben (g) 1.2 1.2 1.2 1.2 
16. Formaldehyde (g) 1.2 1.2 1.2 1.2 
17. Choline chloride (g) 1.0 1.0 1.0 1.0 
18. Fumidil B (g) 0.6 0.6 0.6 0.6 
19. Sucrose (g) - - - -
Treatments ; 
1. Standard diet (opaqu6=2 + soybean based diet), SD; 
2. SD + pollen (reared to adult)r 
3. SD + wheat germ (substitute for opaque-2); 
4. SD + wheat germ (substitute for opaque-2) + pollen reared 
to adult; 
5. Mungbean based diet, MB; 
6. MB + corn pollen (reared to adult); 
7. MB + pollen (corn leaf excluded), reared to adult; 
8. Pollen + agar + mold inhibitors (transferred after 3 days 
to MB diet); 
9. Pollen + agar + mold inhibitors (transferred after 6 days 
to MB diet); 
10. Pollen + agar + mold inhibitors (transferred after 9 days 
to MB diet). 
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Table 11. Effect of corn pollen, v/heat germ, opaque-2 corn, and mungbean in a meridic 
diet on survival and development of O. fumacalis. Experiment II. Suwan 
Farm, 19 74 
Treat­ % survival % survival Days to pupation Days to adult Pupal weight (mg) 
ment^  to pupation to adult Female Male Female Male Female Male 
1 64.6 c^  56.3 b 30.9 a 26.9 b 37.8 cd 34,8 b 83.1 ab 60.8 b 
2 71.9 cd 61.5 b 23.9 a 22.9 a 32.3 a 31.5 a 94.6 c 62.3 b 
3 60.4 c 55.2 b 25. 3 a 25.4 b 33.1 ab 33.9 b 89.2 be 57.8 ab 
4 63.5 c 56.3 b 22.9 a 23.2 a 31.2 a 31.8 a 99.7 c 63.0 b 
5 43.8 b 34.4 a 30.7 a 30.0 be 38.0 d 38.1 be 89.5 c 51.4 b 
6 81.3 d 67.7 b 27.6 a 24.1 ab 35.5 be 32.8 ab 100.7 e 67.5 b 
7 65.6 c - 58.3 b 32. 3 a 31.0 c 39.5 d 39.2 c 103.1 e 65.1 b 
8 6.3(-)^  6.3(-) 42.0 a 43.0(-) 51.0(-) 51.5(-) 70.0(-) 75.0(-) 
9 32.3 ab 25.0 a 3(3.5 a 35.8 d 43.9 dc 43.0 c 75.6 a 62.5 b 
10 22.9 a 20.8 a 40.9 a 35.7 d 48.8(-) 43,4 c 67.2(-) 48.9 a 
LSD .05 9.56 8.41 NS 2.93 2.96 6.10 12.87 10.67 
LSD .01 12.79 11.25 NS 3.91 3.98 8.17 17.27 14.28 
CV 16.75% 16.46 w 00 8.86 6.95 14.36 11.94 15.25 
T^reatments; Each figure in a column of treatment means represents an average 
of 96 larvae (six replications of 15 larvae each): 1. standard diet (opaque-2 corn + 
soybean base diet), SD; 2. SD 4- pollen (reared to adult); 3. SD + wheat germ 
(substitute for opaque-2 com), (reared to adult); 4. SD + wheat germ (substitute for 
opaque-2 corn) + pollen (reared to adult) ; 5. mungbean + com leaf base diet, MB; 
6. MB + pollen (reared to adult); 7. MB + pollen (corn leaf excluded), (reared to 
adult); 8. pollen + agar + mold inhibitors (transferred after 3 days to MB); 9. pollen 
+ agar + mold inhibitors (transferred after 6 days to MB); 10. pollen + agar + mold 
inhibitors (transferred after 9 days to MB). 
D^uncan ' s multiple range test,. Means within each column followed by the same 
letter do not differ significantly at the 5% level of probability (analysis of 
vciriance calculated on data in % transformed to angles = arcsin) , NS = nonsignificant. 
2 (-) denotes that individuals reaching this stage were too few to include data 
in the analysis. 
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SURVIVAL OF THE TROPICAL CORN BORER USING 
ARTIFICIAL INFESTATION TECHNIQUES 
Preliminary Observations 
Although the tropical corn borer has been recorded as a 
corn pest in certain areas of Thailand where corn has been 
grown for many years, this species has not been recorded at 
Suwan Farm and nearby farming areas where corn has been grown 
for only 15 years. To obtain information concerning factors 
responsible for the limitation in the distribution of this 
borer, a preliminary test was conducted in 1973. 
A split-plot experimental design was utilized with 2 
varieties of flint corn (Guatemala and DMR#5) as main plots 
and 6 dissection dates (number of days after egg hatch), as 
sub-plots. The whole plots consisted of six rows ; each row was 
7.5 m in length with plants spaced 25 cm apart (rows were 75 cm 
apart). There were two replications, A 90-90-0 N-P-K ferti­
lizer at the rate of 150 kg/ha. was applied at time of planting. 
A total of five plants in each plot were artificially infested 
with five egg masses per plant (in two applications of three 
and two masses on successive days). Larval survival and loca­
tion of larvae on the plants were determined 3,6,9,12,21, and 
36 days after egg hatch. 
Larval survival was practically zero (Table 12). These 
data indicate that there are limiting factors in the establish­




To determine the effect of plant size on larval establish­
ment, seeds of the variety Guatemala were planted in 30 
earthen pots (20 cm in diameter) at the rate of three seeds 
per pot. Plants were thinned to one plant per pot 2 weeks 
after emergence. Plants were infested with three egg masses 
(ca. 60 eggs) per plant 3, 4, or 5 weeks after plant emergence; 
10 plants were used for each of the three groups. Infestations 
were made in two applications (two masses on one day and one 
mass the next day); the plants were dissected 6 days later to 
determine larval survival. 
The average percent larval survival on 3, 4, and 5 week 
old plants was 12.0, 1.2, and 0.7%, respectively (Table 13). 
Many of the 4 and 5 week old plants were infested witli ths 
army worm, Mithimna separata; this might be one factor 
responsible for the low survival of the tropical corn borer 
on these plants. 
The effect of an insecticide on predators of the tropical 
corn borer was determined during the late planting season, 
1973. Sweet corn (Hawaiian sugar) was planted in earthen pots 
similar to the methods mentioned above. One week prior to 
infestation with borer egg masses, plants were sprayed with 
Malarfez at the rate of 30 ml/20 L of water. The insecticide 
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treated plants were compared with untreated plants. Larval 
survival was determined by dissecting plants 6 and 12 days 
after egg hatch. 
The data in Table 14 show that larval survival was low on 
most plants. Average percent larval survival on unprotected 
plants 3, 4,and 5 weeks of age was 3.0, 7.5, and 0%, respec­
tively, 6 days after egg hatch and 1.5, 4.3, and 1.0%, 
respectively, on insecticide treated plants. Average percent 
larval survival on unprotected plants 3, 4, and 5 weeks of 
age was 2.3, 2.3, and 0%, respectively, 12 days after egg 
hatch and 1.3, 2.3, and 0%, respectively, on insecticide 
treated plants. Malarfez had little effect against predators 
of the tropical corn borer. The most common species of 
predators at Suwan Farm were Dermapterans and Coccinellid 
beetles. The predaceous earwig, Proreus similans may be a 
factor responsible for the low level of survival of tropical 
corn borer larvae. 
Biology and Rate of Mortality of Tropical 
Corn Borers on Corn Plants 
In the European corn borer, 0. rxubilalis, most of the 
varietal resistance factors studied so far are most effective 
against the newly hatched larvae of the first-generation in­
festation on corn in the "whorl" stage of growth. Such 
resistance is usually referred to as resistance to larval 
establishment and survival. First generation resistance is 
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actually resistance to leaf blade feeding (Guthrie et al., 
1960). 
For the tropical corn borer, 0. furnacalis, no informa­
tion regarding varietal resistance factors was available. The 
only report concerning biology of 0. furnacalis in relation to 
its host under a natural infestation in Thailand was that of 
Areekul et al. (1964). This report revealed that there were 
at least two generations of borer developing in each growing 
season. Most of the eggs of the first generation were 
deposited on corn approaching the late whorl stage or the mid-
tassel stage. The second generation deposited most of their 
eggs on corn during the mid-tassel stage or later. Based on 
this information, studies were initiated during April, 1973 
to determine the biology of tropical corn borers on late-whorl 
and pollen-shedding stages of corn. 
Whorl stage corn (first generation) 
Two varieties of corn were used in this study. The 
variety, Guatemala is grown by farmers and DMR#5 is resistant 
to downy mildew, Sclerospora sorghi. Since the pattern of 
larval survival on the two varieties was determined by dis­
secting samples of plants at intervals of 3,6,9,12,21,36, and 
50 days after egg hatch, a split-plot experimental design was 
used with corn varieties as main plots and the dissection 
intervals as sub-plots (Figure 9). 
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The basic design used was a randomized complete block with 
four replications. Each block was divided into two main plots, 
each with seven rows. Each row was 7.5 m in length with 25 cm 
spacing between plants (rows were 75 cm apart). Each row was 
overplanted and thinned to 30 plants 10 days after emergence. 
A 90-90-0 N-P-K fertilizer at the rate of 150 kg/ha. was 
applied at planting time. 
Ten plants in each plot were infested with three egg 
masses (ca. 60 eggs) per plant (two masses were applied the 
first day and one mass on the following day). Egg masses 
(near hatching) were dropped into the leaf whorl in the late 
afternoon; egg masses were placed on plants during late after­
noon to avoid desiccation from hot-dry air currents. Ten plants 
in each plot were dissected 3,6,9,12,21,36, and 50 days after 
egg hatch to determine the number and location of larvae on 
corn plants. 
A low level of larval establishment and survival resulted 
from the artificial infestations (Tables 15-16, Appendix Table 
52 and Figure 10). Larval survival was somewhat higher on 
variety Guatemala than on variety DMR#5 (Tables 15 and 16); 
this difference, however, was not significant (Table 17). The 
rate of larval mortality was high for both varieties of corn 
(Table 15)? Guatemala had 5.1, 2.7, 0.8, 1.3, 0.8, 0.8, and 
0.6% larval survival 3,6,9,12,21,36, and 50 days after egg 
hatch, respectively; DMR#5 had 2.4, 1.5, 1.7, 0.4, 0.8, 0.5, 
and 0.5% larval survival 3,6,9,12,21,36, and 50 days after 
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egg hatch, respectively. Thus there was high mortality on 
both varieties within 3 days after egg hatch (Table 15). 
Guatemala contained 30.5, 16.0, 5.0, 7.5, 4.5, 4.8, and 
3.8 larvae per 10 plants 3,6,9,12,21,36, and 50 days after 
egg hatch, respectively; DMR#5 contained 14.3, 8.8, 10.3, 2.3, 
4.8, 3.3, and 2.8 larvae per 10 plants 3,6,9,12,21,36, and 50 
days after egg hatch, respectively (Table 16). Thus the 
larval population remained rather constant between 9,12,21, 
36, and 50 days after egg hatch on Guatemala and between 12, 
21,36, and 50 days after egg hatch on DMR#5. 
Dissection interval 3 (3 days after egg hatch) was 
significantly different from dissection interval 6 and dis­
section intervals 3 and 6 vs. all other dissection intervals 
were highly significant. Dissection intervals 9,12,21,36, and 
50 were not significantly different. None of the interactions 
were significantly different (fable 17). 
The data in Table 15 show that young larvae (3 days 
after egg hatch) from a first-generation infestation were leaf 
feeders. As the plant grew out of the whorl stage, the larvae 
fed primarily on sheath, husk, and tassel tissue. The majority 
of the larvae entered the stalk 21 days after egg hatch 
(fourth instar larvae). Antibiosis type of resistance is 
usually effective against young larvae. Thus, resistance to a 
first-generation infestation by the tropical corn borer would 
be leaf-feeding resistance. Resistance to first-generation 
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European corn borers is also leaf-feeding resistance (Guthrie 
et al., 1971). 
Pollen-shedding stage com (second generation) 
Experiment I The same procedures were used in this 
experiment as were used in the experiment on whorl stage corn. 
A split-plot design, (six replications) was used with two 
varieties of corn (Guatemala and DMR#5) as main plots and 
dissection intervals of 3,6,9,12, and 21 days after egg hatch 
as sub-plots. Each sub-plot contained five rows, 7.5 m in 
length (overplanted and thinned to 30 plants per row) with 
25 cm spacing between plants (rows were 75 cm apart). Ten 
plants in each plot were infested with three egg masses (ca. 
60 eggs) per plant in two applications of two and one masses 
each spaced 1 day apart. The infestations were made by pinning 
egg masses (near hatching) to the underside of corn leaves next 
to the ears. Ten plants in each plot were dissected 3,6,9,12, a 
and 21 days after egg hatch to determine the number and loca­
tion of larvae on corn plants. 
A low level of larval survival resulted from the 
artificial infestations (Tables 18=19, Appendix Table 53, and 
Figure 11). Larval survival was similar for both varieties of 
corn (Tables 19-20). Guatemala contained 24.3, 23.5, 14.5, 
9.2, and 6.8 larvae per 10 plants 3,6,9,12, and 21 days after 
egg hatch, respectively; OMR#5 contained 19.8, 22.7, 10.2, 8.8, 
and 5,3 larvae per 10 plants 3,6,9,12, and 21 days after egg 
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hatch, respectively. Thus larval populations were the highest 
3 and 6 days after egg hatch (Table 19); these two dissection 
intervals were not significantly different (Table 20). Dis­
section intervals 3 and 6 were highly significantly different 
from all other dissection intervals (Table 20). Larval popula­
tions remained at a low level and were rather constant between 
9, 12, and 21 days after egg hatch (Table 19). All inter­
action comparisons were not significant (Table 20). 
The rate of larval mortality was high for both varieties 
of corn (Table 18); Guatemala had 4.1, 3.9, 2.4, 1.5, and 1.1% 
larval survival 3,6,9,12, and 21 days after egg hatch, 
respectively. DMR#5 had 3.3, 3.5, 1.7, 1.5, and 0.9% larval 
survival 3,6,9,12, and 21 days after egg hatch, respectively. 
Thus there was high mortality on both varieties within 3 days 
after egg hatch (Table 18). 
Experiment II Sweet corn variety, Hawaiian sugar, was 
planted in a small plot in November, 1973. The plot consisted 
of 10 rows; the rows were 7.5 m long with 25 cm spacing between 
plants (rows were 75 cm apart). Seventy-five plants were in­
fested with five egg masses per plant (three masses on one day 
and two masses the next day) during the late-pollen shedding 
stage of plant growth. Egg masses were from a culture of 
borers which had been reared continuously on a meridic diet for 
11 generations. The plants were dissected 18 days after egg 
hatch. 
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A high level of larval survival resulted from the 
artificial infestation (Appendix Table 54), 14 plants con­
tained no larvae, 34 plants contained 1 to 5 larvae per plant, 
11 plants contained 6 to 10 larvae per plant, 6 plants con­
tained 11 to 20 larvae per plant, and 10 plants contained 21 
to 40 larvae per plant. The 75 plants averaged 7.4 borers per 
plant for 9.8% survival. The feeding sites of these third and 
fourth instar larvae are presented in Table 18; 79.7% of the 
larvae were on the developing ears (13.0% were on the husks, 
8.4% were on the kernels, 47.3% were on the young cobs, and 
11.0% were on the silks); 2.3% of the larvae were in the shank 
and 13.5% were behind the sheath. 
The data from Experiments I and II in Table 18 show that 
all larval instars from a second-generation infestation feed 
primarily on the ear (husk, kernal, cob, silk). Resistance to 
second generation tropical corn borers, therefore, would be 
primarily resistance to ear feeding. Second generation south­
western corn borers, Diatraea grandiosella Dyar, are also 
primarily ear (husk) feeders (Davis et al., 1972). In con­
trast, resistance to second generation European corn borers is 
primarily sheath feeding-resistance (Guthrie et al., 1971). 
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Table 12. Survival of tropical corn borers on two varieties 
of corn using an artificial infestation technique 


















0 . 0  
0.0 
0 . 0  
0 . 0  
1.0 
1.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
3.0 
1.0 
0 . 0  
1.5 
0 . 0  
0 . 0  
3.0 
1.0 
0 . 0  
1.5 
0 . 0  
0 . 0  
N^umber of days plants were dissected after egg hatch. 
'^Each figure represents an average of 10 plants (2 
replications of 5 plants each). 
'^ Percent larval survival was based on the assuraption that 
one egg mass contained 20 eggs. Plants were infested with 5 
egg masses/plant. 
Table 13. Tropical corn borer survival on plants of different size. Suwan Farm, 
September, 1973^  
Three week old plants Four week old plants Five ' week old plants 
Pot Number % Plant Nuffiber % , Plant Number % , Plant 
no. of survival height of . survival height of h survival height 
borers (cm) borers (cm) borers (cm) 
1 2.0 3. 3 40,5 0.0 0.0 34.5 0.0 0,0 68.5 
2 14. 0 23. 3 62.0 2.0 3. 3 68.5 0.0 0.0 81.0 
3 10.0 16.6 53. 3 1.0 1. 7 67.0 0.0 0.0 77.0 
4 11.0 18. 3 55.5 1.0 1.7 73.5 0.0 0.0 64.5 
5 8.0 13. 3 61.0 0.0 0.0 62.0 2.0 3.3 63.0 
6 12.0 20.0 61.0 0.0 0.0 57.0 0.0 0.0 72.0 
7 2.0 3. 3 48.0 1.0 1.7 59.5 1.0 1.7 72.0 
8 2.0 3. 3 52.0 2.0 3. 3 72.0 0.0 0.0 81.0 
9 17.0 28. 3 51.0 0.0 0.0 58.0 1.0 1.7 64.5 
10 0.0 0.0 51.0 0.0 0.0 53.0 0.0 0.0 71.0 
Av. 7. 8 12.0 53.6 0.7 1.2 63.5 0.4 0.7 71.5 
Variety = DMR#5. 
P^lants with no tropical corn borer survival were heavily infested with the 















14. Tropical corn borer survival on sweet corn plants treated with an 
insecticide (Malarfez) compared with an untreated check. Suwan Farm, late 
planting season 19 73® 
Three week old plants 
J Untreated Insecticide 
Four week old plants 
Untreated Insecticide* 
Five week old plants 
Untreated Insecticide* 
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Variety = Hawaiian sugar. Each plant was artificially infested with 2 egg 
masses (ca. 40 eggs). 
M^alarfez = 0,0-dimethyl phosphorodithionate of dimethyl mercaptosuccinate. 
P^lants infested with downy mildew, Sclerospora sorghi. 
Figure 9. Plot layout for split-plot design 
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Table 15. Feeding sites of first generation tropical corn borers using artificial 
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0 . 8  
0.5 
0.5 
u^rttoer of days plants were dissected after egg hatch. 
E^ach figure represents average of 4 replications. 
P^ercent larvail survival was based on the assumption that one egg mass contained 
20 eggs. 
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Table 16. The effect of dissecting intervals, and varieties 
on the survival of tropical corn borers (first-
generation infestation). Suwan Farm, April 1973 
Dissection Variety^  D.I. 
mean 
Statistical ^  
significance interval® Guatemala DMR#5 
3 30.5 14.3 22.4 a 
6 16.0 8.8 12.4 b 
9 5.0 10.3 7.0 b 
12 7.5 2.3 4.9 b 
21 4.5 4.8 4.6 b 
36 4.8 3.3 4.0 b 
50 3.8 2.8 3.3 b 
Variety 
mean 10.1 6.6 
LSD .05 Between dissection interval means = 9.97 
variety means = 5.94 
N^umber of days plants were dissected after egg hatch. 
L^arvae per 10 plants. 
Duncan's multiple range test. Means followed by the 
same letter are not significantly different at the 5% level of 
probability. 
Table 17. Analysis of variance for data recorded in Tables 15 and 16 with mean 
separation for survival of larvae (first-generation infestation). 
Suwan Farm, April 1973 
Source of Calculated Tabular F 
variation df SS MS pa 5% 1% 
Whole plot 
Block 3 123.85 41.28 
Variety (V) 1 171.50 171.50 3.47 ns 10.13 34.14 
Error (a) 3 148.50 49.50 
Subplot 
Dissection interval (d) 6 2284.86 380.81 4.04** 2. 36 3.35 
(3,6) vs others (1) 1821.60 1821.60 19.33** 4.11 7.39 
3 vs 6 (1) 400.00 400.00 4.24* 
Other comparisons (4) 63.26 15.82 0.17 ns 
V X d 6 607.99 101.33 1.08 ns 
V X (3,6 vs others) (1) 381.15 381.15 4.04 ns 
V X (3 vs 6) (1) 81.00 81.00 0.86 ns 
V X other comparisons (4) 145.85 36.46 0.39 ns 
Error (b) 36 3393.13 94.25 
ns = nonsignificant 
Significant sit 5% level. 
* A 
Significant at 1% Icivel. 
Figure 10. Borer survival on seven dissection intervals for varieties 
Guatemala and DMR#5 (first-generation infestation). Suwan Farm, 



















Table 18. Feeding sites of second generation tropical com borers using an 
artificial infestation technique. Pollen shedding stage, Suwan Farm, 1973 
Dissection 
interval® 
Borer location (% larvae) Borers 
per 10 
plants 
• lb survival Sheath Leaf Stalk Husk Kernel 
Ear 
Cob Shank Silk 
Experiment I, July^  
Guatemala 
3 43.8 56.2 24.3 4.1 
6 4,3 37.6 5.7 52.5 23.5 3.9 
9 5.8 21.8 13. 8 58.6 14.5 2.4 
12 9.1 3.6 30.9 23.6 32.7 9.2 1.5 
21 12.2 19.5 14.6 26.8 17.1 9.8 6.8 1.1 
DMR#5 
3 38.7 61.3 19.8 3.3 
6 2.4 34.9 3.2 59.5 22.7 3.5 
9 6.6 31.2 11.5 50.8 10.2 1.7 
12 11. 3 30.2 11.3 47.2 8.8 1.5 
21 16.1 25.8 12.9 22.6 16.1 6.5 5. 3 0.9 
Experiment II, November*^  
Hawaiian sugar 
18 13.5 4.5 13.0 8,4 47.3 2.3 11.0 74.0 9.8 
dumber of days plants were dissected after egg hatch. 
P^ercent larval survival based on the assumption thiat one egg mass contained 
2 0 eggs. 
total of 60i plants (6 replications of 10 plants each) were infested on each 
dissection date for each vairiety. 
total of 75 plants were infested (unreplicated)» 
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Table 19. The effect of dissection intervals and varieties on 
the survival of tropical corn borers (second-
generation infestation). Suwan Farm, July 1973 
Dissection Variety^  D.I. Statistical ^  
significance interval^  Guatemala DMR#5 mean^  
3 24.3 19.8 22.1 a 
6 23.5 22.7 23.1 a 
9 14.5 10.2 12.3 b 
12 9.2 8.8 9.0 be 
21 6.8 5.3 6.1 c 
Variety 
mean 15.7 13.4 
LSD ,05 Between dissection interval means = 4.49 
Between variety means = 2.55 
of days plants were dissected after egg hatch. 
L^arvae per 10 plants. 
D^uncan's multiple range test. Means followed by the 
same letter are not significantly different at the 5% level of 
probability. 
Table 20. Analysis of variance for data recorded in Tables 18 and 19 (Experiment I) 
with mean separation for survival of larvae (second-generation 
infestation). Suwan Farm, July 1973 
Source of 






Block 5 354.68 70. 94 
Variety (V) 1 79.35 79. 35 5.32 ns 6. 61 16.26 
Error (a) 5 74.55 14. 91 
Subplot 
Dissection interval 
date (d) 4 2843.50 710. 88 23.90** 2. 61 3.83 
(3,6) vs others (1) 2602.84 2602. 84 87.49** 4. 08 7. 31 
(3 vs 6) (1) 6.00 6. 00 0.20 ns 
Other comparisons (2) 234.66 117. 33 3.94 ns 
V X d 4 46.90 11. 73 0.39 ns 
V X (3,6 vs oidlers) (1) 1.34 1. 34 0.05 ns 
V X (3 vs 6) (1) 20.17 20. 17 0.68 ns 
V X other comparisons (2) 24.39 12. 20 0.41 ns 
Error (b) 40 1189.94 29. 75 
n^s = nonsignificant. 
Significant at 1% level. 
Figure 11. Borer survival on five dissection intervals 
for varieties Guatemala and DMR#5 (second-








PLANT DAMAGE BY TROPICAL CORN BORERS 
UNDER A NATURAL INFESTATION 
Methods for evaluating plant damage need to be determined 
before screening for insect resistance germplasm can be 
started. Several researchers have used number of larvae or 
number of larval exit holes on corn plants as damage criteria 
for the tropical corn borer. These techniques, however, have 
limitations. 
A study was conducted at the Central Agricultural Research 
Center, Chainat during July, 1973 to determine methods for 
evaluating plant damage in tropical corn borer resistance 
research. Chainat is one of the central plain provinces of 
Thailand where waxy corn, 2ea mays tapioca, has been grown as 
a vegetable crop for many decades, long before flint corn, 
Zea mays indurata, had been introduced into the country 
(Panyalakshana, 1964). Infestations by the tropical corn 
borer have long been associated with the wide distribution of 
several hundred small patches of waxy corn in these central 
plain provinces. This insect, however, had not been con­
sidered a serious pest until about 10 years ago. Since tlie 
growing of corn in these areas had been primarily for domestic 
consumption, the economic status of the tropical corn borer 
was probably inconspicuous. However, after flint corn was 
introduced (about 20 years ago) and corn growing areas have 
expanded, the economic importance of this species of corn 
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borer has been realized (Panyalakshana, 1964). 
The sweet corn variety, Hawaiian sugar, was planted in a 
25 X 100 m plot (rows were 75 cm apart with plants spaced 
25 cm apart). The plants were infested by the natural moth 
population. During the tasseling stage of plant growth, 164 
plants were selected at random. A nine-class rating scale as 
described by Guthrie et al. (1960) was used for measuring the 
relative amount of leaf damage on these plants (Figures 12 and 
13). Classes 1 to 3 had little leaf damage, classes 4 to 6 
had an intermediate amount of leaf damage, and classes 7 to 9 
had a high amount of leaf damage. The number of borer exit 
holes (Figure 14) was determined for each plant and the number 
and location of larvae on the plants were determined by dis­
secting each plant. 
The data in Appendix Table 55 show that 11.2% of the 
larvae or pupae were located on the leaf, 9.3%, were behind 
the sheath (Figure 15), IS.4% were in the node, 27.3% were in 
the internode, 31.5% were in the tassel, and 1.3% were on the 
ear. These data confirm a report from Malaysia (Hua, 1966), 
that newly emerged larvae do not bore immediately into the 
stem. Where tassels are forming within the whorl, tropical 
corn borer larvae prefer to feed on the flower buds rather 
than the leaves; third and fourth instar larvae bore into the 
stalk; the larvae do not enter the leaf sheath but bore at a 
point just above the ligule. 
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Number of larvae per plant ranged from 0 to 13, borer 
exit holes per plant ranged from 0.5 to 6.0, and leaf-feeding 
ratings ranged from 2.5 to 7.0 (Table 21). The data in Table 
21 and Figures 16, 17, and 18 show a high positive correlation 
between borers per plant and leaf-feeding rating (r = 0.93) 
and between borers per plant and borer exit holes per plant 
(r = 0,90)o The relationship between holes/plant and leaf 
rating was also positive but the correlation was lower (r = 
0.46). Leaf-feeding ratings and borer exit holes could be 
used for evaluating corn genotypes for resistance to a first-
generation infestation by the tropical corn borer. More 
material could be evaluated each season, however, with a 
rating system. In the United States, Guthrie et al. (1960), 
found that leaf-feeding ratings, leison counts, cavity counts, 
and number of larvae could be used in evaluating corn geno­
types for resistance to a first-generation infestation by the 
European corn borer. The best and fastest method, however, was 
the leaf rating system. 
The flint corn variety, Bogor syn. #2, was planted in a 
25 X 100 m plot at Chainat (rows were 75 cm apart with plants 
spaced 25 cm apart). The plants were infested by the natural 
moth population. A total of 300 plants was selected at 
random and were dissected during the harvesting stage of plant 
growth. The site of pupation was determined; of the 1,132 
borer forms recovered, 940 or 83% were pupae and 192 or 17% 
88 
were larvae, for an average of 3.8 borer forms per plant 
(Table 22). Most of the larvae pupated in the node (46.5%) or 
internode (25.9%); 6.3% of the larvae pupated behind the 
sheath, 7.0% were in the ear, and 14.4% were in the shank. 
Larval survival of the tropical corn borer appears to be 
higher at Chainat than at Suwan Farm. The rainfall pattern for 
the two locations are quite similar but the higher temperatures 
at Chainat may favor borer survival (Table 23 and Figure 19). 
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Figure 12. Leaf damage caused by feeding of larvae of the 
tropical corn borer under natural infestation. 
Chainat, July 1973 (rated 5) 
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Figure 13. Feeding site of young (first, second, and third 
instar) larvae of the first generation of the 
tropical corn borer under natural infestation. 
Chainat, 1973 (rated 8) 
Figure 14. An exit hole of the tropical corn borer, under 
natural infestation. Chainat, July, 1973 (leaf 
sheath removed) 
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Figure 15. Feeding site of larvae of the second generation 
of the tropical corn borer under natural 
infestation (Chainat, 1973) 
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Table 21. Larval survival and damage on plants infested by the 
tropical com borer (natural infestation) Chainat, 
July, 1973 








0 7 0.5 2.5 
1 17b 1.1 2.6 
2 23 1.6 2.4 
3 26 2.1 3.1 
4 30 2.4 4.2 
5 22 2.3 4.9 
6 14 2.9 6.0 
7 7 3.1 5.7 
8 7 3.0 6.7 
9 4 2.5 6.0 
10 1 2.0 7.0 
11 2 5.0 6.5 
12 2 6.5 7.0 
13 2 6.0 7.0 
Total 164 
^Leaf-feeding ratings were made in classes 1 = least to 
9 = highest amount of leaf damage. 
^Seventeen plants contained one borer per plant; these 17 
plants averaged 1=1 borer holes per plant and averaged 2.6 
leaf-feeding rating per plant, etc. down the column. 
Figure 16. Relationship between nimber of tropical corn borers per plant and 
leaf-feeding ratings from a natural infestation at Chainat, July 1973 
LEAF-FEEDING RATING 
Figure 17» Relationship between tropical corn borers per plant and number of 
borer holes per plant from a natural infestation at Chainat. July 
1973 











Figure 18, Relationship between 
feeding ratings from 
tropical corn borer holes per plant and leaf 
a natural infestation at Chainat. July, 19 73 
LEAF-FEEDING RATING 
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Table 22. Pupation sites of the tropical corn borer under 
natural infestation. Chainat, August, 1973® 
Location of pupae Number of pupae % pupae 
Sheath 59 6.3 
Node 437 46.5 
Internode 243 25.9 
Ear 66 7.0 
Shank 135 14.4 
Total 940 
A total of 940 pupae and 192 larvae were dissected from 
300 plants (flint corn variety Bogor syn. #2) for an average 
of 3.8 borer forms per plant. The data were taken at harvest. 
Table 23. Climatological siammary 
Suwan Farm (3 year a\ 





of temperature and rainfall pattern at Chainat and 
erage; 1970-1972) 
iivimum (°C) Rain (ram) 
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14.0 1. 5 0.6 0.7 1.0 
16.9 11.4 19.8 2.3 2.5 
19.2 21.9 32.6 3.0 5.7 







129.3 109.3 11.3 11.7 
21.3 174.4 110. 8 15. 3 15.0 
21.8 85.9 79.9 14.0 11. 3 
21.1 271.4 159.2 18.0 13.7 
21.4 293.4 315.2 17.7 16.3 




 51.7 61.8 5.7 9.0 
16.4 8.6 34.3 2.3 3.0 
Figure 19. Graphie presentation of maximum and minimum temperatures at Chainat 
and Suwan Farm (3 year average, 19 70-72) 
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EFFECT OF PREDATORS ON TROPICAL 
CORN BORERS 
Predators are numerous in corn fields within the area of 
Suwan Farm. An experiment was designed, therefore, to deter­
mine the effect of these predators on tropical corn borer 
larvae. 
Corn varieties, Hawaiian sugar (sweet corn) and DMR#6 
(flint corn) were planted in pots (20 cm in diameter); 75 pots 
were used for each variety and the pots were kept in two 
3 X 3 X 2.5 m screened cages to exclude predators. Ten days 
after emergence, the seedlings were thinned to one plant per 
pot. 
A split-plot experimental design with three replications 
was used; corn varieties were the main plots and five dis­
section intervals (number of days after egg hatch) were the 
sub-plots. Each of the two main plots contained five rows of 
five plants each. The two varieties were assigned at random 
to the main plot area in each replication and the five dis­
section intervals were assigned at random to the sub-plot area. 
All plants were infested with three egg masses (ca. 60 eggs) 
per plant during the whorl stage of plant development. Larval 
survival and location of larvae on the corn plants were 
determined 3,6,9,12, and 21 days after egg hatch (five plants 
were dissected for each variety in each replication on each 
dissection date). 
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Larval survival was higher on the variety of sweet corn 
(Hawaiian sugar) than on DMR#6 (Tables 24, 25, 26, Appendix 
Table 56, and Figure 20). Hawaiian sugar contained 15.4 
larvae per five plants (averaged over the five dissection 
intervals), whereas DMR#6 contained 8.1 larvae per five plants 
(Table 25). Hawaiian sugar contained 21.6, 29.0, 8.3, 8.7, 
and 9.3 larvae per five plants 3,6,9,12, and 21 days after 
egg hatch, respectively; DMR#6 contained 15.0, 12.7, 4.0, 4.0, 
and 4.7 larvae per five plants 3,6,9,12, and 21 days after 
egg hatch, respectively (Tables 24 and 25). Thus larval 
survival was similar on dissection intervals 3 and 6 and on 
dissection intervals 9, 12, and 21. Larval survival on dis­
section intervals 3, 6 was significantly greater than was 
survival on all other dissection intervals. None of the inter­
actions was significantly different (Table 26). 
The data in Table 24 show that larvae from a first-
generation infestation were leaf feeders on DMR#6 through 21 
days after egg hatch (first, second, third and fourth instars). 
On Hawaiian sugar, larvae were primarily leaf feeders through 
21 days after egg hatch, but some of the larvae were sheath, 
midrib, and stalk feeders 12 and 21 days after egg hatch. 
Both varieties of maize were in the whorl stage of plant 
development through 21 days after egg hatch. 
Feeding habits of first generation tropical corn borers 
are similar to feeding habits of first generation European 
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corn borers; i.e. both species are leaf feeders during the 
whorl stage of plant development. Methods for evaluating corn 
germplasm for first generation European corn borer resistance, 
therefore, can be used in tropical corn borer resistance 
research. 
Larval survival under caged conditions (predators 
excluded) in 1974 was about twice that of larval survival on 
uncaged plants in 1973 (Tables 15 and 24) indicating the pos­
sible role of predators on larval establishment in the field; 
since the caged and uncaged experiments were conducted in two 
different years, however, this comparison may not be valid. 
Table 24. Feeding sites of first generation tropical corn borers on sweet corn 
variety Hawaiian sugar and flint corn variety DMR#6 using artificial 
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Borers 

























































dumber of days plants were dissected after egg hatch. 
^There were no borers located on the husks, silks, kernel, cob, tassel, and 
shank tissue. 
'^Each figure represents an average of three replications. 
"^Percent larval survival was based on the assumption that each egg mass 
contained 20 eggs. 
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Table 25. The effect of dissection interval, and varieties on 
the survival of tropical corn borers (first 












3 21.6 15.0 18.3 a 
6 29.0 12.7 20.8 a 
9 8.3 4.0 6.2 b 
12 8.7 4.0 6.3 b 
21 9.3 4.7 7,0 b 
Variety 
mean 15.4 8.1 
LSD .05 Between dissection interval means = 5.09 
Between variety means = 2.91 
^Number of days plants were dissected after egg hatch. 
^Larvae per five plants (average of three replications), 
^Duncan's multiple range test. Means followed by the 
same letter are not significantly different at the 5% level of 
probability. 
Table 26. Analysis of variance for data recorded in Tables 24 and 25 with mean 
separation for survival of larvae (first generation, caged experiment). 
Suwan Farm, May 19 74 
Source of Calculated Tabular P 
variation df SS MS pa 5% 1% 
Whole plot (5) 
Block 2 38.06 
Variety (V) 1 403,33 403.33 117.49** 18.51 98.49 
Error (a) 2 6. 86 3.43 
Subplot (24) 
Dissection interval (d) 4 1853.53 313.88 18.10** 3.01 4.77 
(3,6) vs others (1) 1232.45 1232.45 71.17** 4.49 8.53 
3 vs 6 (1) 18. 76 18.76 1.08 ns 
Other comparison (2) 2.32 1.16 0.07 ns 
V X d 4 156.99 39.25 2.27 ns 3.01 4.77 
V X (3,6 vs others) (1) 73.47 73.47 4.29 ns 
V X (3 vs 6) (1) 70.09 70.09 4.05 ns 
V X other comparison (2) 13.45 13.45 
Error (b) 16 277.07 17. 32 
^ns = nonsignificant. 
* 
Significant at 1% level. 
Figure 20. Borer survival on five dissection intervals 
for varieties Hawaiian sugar and DMR#6 
(first generation, cage experiment). Suwan 
Farm, May 1974 
Ill 
•Hawai ian Sugar 
•OMR #6 
3 6 9 12 21 
DISSECTION INTERVALS 
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OCCURRENCE OF A PREDACEOUS 
EARWIG IN CORN FIELDS 
For several years a number of research workers at the 
Thai National Corn and Sorghum Research Center had noticed the 
abundance of a species of earwig (Figure 21) in experimental 
corn fields during all cropping seasons. In spite of its 
association with corn planted over a large area each year, the 
information on the taxonomy, life history, and economic 
importance of this active crawling earwig was not available. 
In April, 1973 this earwig was collected from corn plants at 
Suwan Farm and was compared with identified specimens at the 
Technical Department, Ministry of Agriculture and Cooperatives, 
Bangkok. It was identified as Proreus similans Stal. (order = 
Dermaptera, family = Chelisochidae). This family is comprised 
of four genera and Proreus is native to the Indo-Malayan 
region (Brues et al., 1954). 
In Formosa, Yanagihara (1936) found that P. similans is 
entirely predaceous, while another earwig species, Euborellia 
pallipes Shir, feed on sugar cane as well as preying on 
Pyralid borers. P. similans was also reported as a predator 
of corn borers in the Philippines (Buligan, 1929). 
A study was undertaken at Suwan Farm to determine the 
extent of P. similans in corn fields, to determine feeding 
habits of this earwig, and to determine the effect of this 
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predator on tropical corn borer populations. 
Off~Season Observations 
During the off-season (February and March) of 1974, 
systematic observations were made to determine the natural 
habitat of P. similans when there were no corn plants in the 
field. Harvesting of corn from experimental plots is done by 
hand and the stalks are knocked down with a rotary chain 
chopper. The broken stalks are left in the field (Figure 22) 
until the next cropping season in August. The sampling pattern 
involved the establishment of 5 lines running the length of the 
plot; 8 quadrates (1 x 1 m) within each of the 6 lines were 
spaced at 5 m intervals for a total of 40 quadrates. This 
sampling technique was used on 11 different days; the field, 
therefore, was marked off into 440 quadrates. All corn debris 
in each quadrate was carefully examined, including searching 
the ground surface, for P. similans (Figure 23). 
The earwig counts are presented as frequency distributions 
in Table 27 and the fluctuation in daily counts is presented 
in Figure 24. The data show that this predaceous earwig was 
able to survive through the off-season on corn debris, possibly 
preying upon small arthropods. 
Predaceous Earwigs on Volunteer Corn 
During March to May, 1974 scattered rain resulted in the 
emergence of volunteer corn in the field (Figure 25); 100 
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plants were selected at random and were examined for earwig 
adults and nymphs and for egg clusters. At the same^me, 4D 
quadratas of corn debris on the ground in the same field were 
examined for earwigs. The sampling procedure was similar to 
the procedure described in the off-season observation section. 
The data in Table 28 show that there was 0.2 earwigs per 
plant on volunteer corn averaging 39.9 cm in height. In 
contrast, there were 2.1 earwigs per sq. meter living in corn 
debris on the ground. The low number of earwigs on the corn 
plants might be due to the unavailability of prey on volunteer 
corn grown sparsely in the field (Figure 25). 
Planting Season Observations 
The number of earwigs present in corn fields (from the 
late-whorl stage of plant development until harvest) was deter­
mined during two cropping seasons in 1974. The corn plot was 
87.5 m long and 15 rows wide with 75 cm between rows and 25 cm 
between plants within a row» Four rows on each side and five 
hills on each end of the plot served as guards (Figure 26). 
Three seeds of DMR#5 were planted per hill and were thinned to 
one plant per hill 10 days after emergence. A fertilizer of 
90-90-0 N-P-K (150 kgs./ha.) was used. 
The 87.5 m plot was divided into 10 sub-plots with 1.5 m 
space between each sub-plot (Figures 26 and 27). Each sub­
plot consisted of 7 rows with 30 plants per row (Figure 27). 
Starting at the late whorl stage of plant growth, five plants 
were taken from each of three rows within each of five sub­
plots each day (i.e., a total of 15 plants from five sub-plots 
for a total of 75 plants were used). The following sampling 
methods were used: On the first day, five plants from rows 
2, 4, and 6 in sub-plots 1,3,5,7, and 9 were used; on the 
second day, five plants from rows 2, 4, and 6 in sub-plots 
2,4,6,8, and 10 were used; on the third day, five plants from 
rows 1, 3, and 5 or rows 3, 5, and 7 in sub-plots 1,3,5,7, and 
9 were used; on the fourth day five plants from rows 1, 3, and 
5 or rows 3, 5, and 7 in sub-plots 2,4,6,8, and 10 were used, 
etc. Since P. similans is an active crawler, the following 
data on individual plants were taken in the field as soon as 
the plant was cut: Number of adults, nymphs, nymph groups, 
newly hatched nymphs per nymph group, egg clusters, and number 
of eggs per egg cluster. 
The corn leaf aphid, Rhop alo s i phuni mai dis Fitch, is an 
insect pest of corn in Thailand. Since P. similans may prey 
on the aphid, the percentage of plants (from the 75 plants 
used each day for earwig counts) infested with aphids was 
determined. 
Life stages of P. similans are shown in Figure 28. Over 
a period of 31 days (early season. May-June counts), the 
average number of earwigHEoms per plant per^ a^y (2515^ piants^  
were examined) was: Adults and nymphs = 5.5, nymph groups = 
0.2, newly hatched nymphs per nymph group = 21.3, egg 
clusters =0.2, and eggs per egg cluster = 35.1 (Appendix Table 
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57). Over a period of 27 days (late season, September-October 
counts), the average number of earwig forms per plant per day 
(2025 plants were examined) was: adults and nymphs = 1.4, 
nymph groups = .04, newly hatched nymphs per nymph group = 
22.8, egg clusters = .05, and eggs per egg cluster = 30.7 
(Appendix Table 57). 
Number of earwigs on corn plants was considerably higher 
during the early season than during the late season (Table 57). 
Earwig populations, however, fluctuated from day to day during 
each season (Table 29 and Figures 29 and 30). The rainfall 
pattern and number of rainy days per month may have influenced 
the fluctuation in earwig populations. The number of rainy 
days and amount of precipitation was considerably higher 
during the late season than during the early season (Tables 30 
and 31). 
There was a high correlation between the number of ear-
wigs per plant per day and the percentage of plants infested 
by the corn leaf aphid during both cropping seasons (r = 0,93 
for the early season. Figure 31, Table 32; r = 0.94 for the 
late season, Figure 32, Table 32). These data suggest that 
earwigs are attracted to plants infested by corn leaf aphids. 
Feeding Habits of Proreus similans in the Laboratory 
Ten adult earwigs were collected from the field at Suwan 
Farm. Each earwig was placed in a 2 x 6 cm glass vial. They 
were fasted for 20 hours at a temperature of 25-2S°C. Five 
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earwigs were provided with one tropical corn borer egg mass 
per earwig, each of the other five earwigs were provided with 
20 newly hatched borer larvae. Adult earwigs prefer newly 
hatched larvae to eggs because none of the earwigs ate the 
eggs, whereas all of the earwigs ate corn borer larvae. 
In another test, six adult earwigs were collected from 
the field. Each earwig was placed in a 2 x 6 cm glass vial 
and were fasted for 20 hours at a temperature of 25-28°C. 
Each earwig was fed with newly hatched tropical corn borer 
larvae for a period of two hours; when all of the larvae in a 
vial were consumed, another 20 larvae were added to the vial. 
The data in Table 33 show that six adult earwigs consumed 524 
corn borer larvae during a two hour period for an average rate 
of 43.7 larvae per earwig per hour. 
The studies on P. similans show that this earwig occurs 
in corn fields throughout the year. During the off season, 
they survived in low numbers in debris on the ground probably 
feeding on small arthropods. During the cropping seasons, 
ean*/ig populations appeared to increase with an increase in 
corn leaf aphid populations and appeared to be influenced by 
rainfall. Earwig populations at Suwan Farm, therefore, 
appeared to be influenced by both biotic and abiotic factors. 
The data indicate that P. similans could be an effective 
predator of the tropical corn borer and that larval establish­
ment from an artificial infestation may be hampered by this 
predator. 
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Figure 21. Adult of the predaceous 
found in corn fields at 
cluster in front of the 
earwig, Proreus similans, 
Suwan Farii (note the egg 
adult, adult = 1.5 cm) 
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Figure 22. Broken corn stalks left scattered on the ground 
in a harvested corn field during off-season. 
Suwan Farm, 1974 
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Figure 23. Census 
in the 
of the predaceous earwig, Proreus similans, 
soil during off-season, Suwan Faring 1974 
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Table 27. Frequency distribution of earwig (P. similans) 
counts on corn debris during off-season. Suwan 
Farm, February 1974 




Date of recording 
9 11 13 14 
(February) 
15 16 21 23 25 
0 17^ 20 18 27 23 28 26 26 17 18 14 
1 
1—1 
12 15 8 11 10 10 11 18 15 18 
2 8 6 4 3 3 1 3 2 4 3 6 
3 1 1 2 1 3 1 0 1 1 2 1 
4 0 1 1 1 0 0 0 0 0 2 1 
5 0 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 0 0 
7 1 0 0 0 0 0 1 0 0 0 0 




,97 .78 .83 .53 .68 .38 .58 .45 .73 .88 .93 
^On February 6, 17 of the 40 quadrates contained no ear­
wigs . 
^On February 6, 13 of the 40 quadrates contained 1 earwig 
per quadrate, etc. 
Figure 24. Fluctuation of P. similans counts recorded in a soil habitat. 
Suwan Farm. Dry season, February 1974 
EARWIGS/40 QUADRATES/DAY 
—I l\) w  ^
o o o o o 
ZZl 
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Figure 25. Volunteer corn 
in the field. 
plants emerged during the off-season 
Suwan Farm, 1974 
125 
Table 28. Frequency distribution of P. similans counts which 
were taken from volunteer corn and ground debris 
sampling. Suwan Farm, March 25, 1974 
Class Class frequency 
(no. earwigs/plant/quadrate) (no. of samples) 




Total plants 100.0 
Average plant height (cm) 39.9 
Average earwigs/plant 0.2 







Total quadrates (1 x 1 m) 40.0 
Average earwigs/m" quadrate 2.1 
Figure 26. Layout of plot for sampling earwig 
populations 
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' 
(a) Egg cluster laid on the inner side of leaf sheath 
(b) Freshly emerged nymph-group 




(c) Young nymphs with their mother 
id^  
jgrnm. 
(d) Larger nymphs (note antennae length and compare with (c) 
Figure 28. Continued 
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Table 29. Number of P. similans per plant per day and rain­
fall recorded at Suwan Farm from May to October, 
1974a 






Early planting season (April-June) 
May 18-19-20 1.8 ' 15.3 9.8 
21-22-23 3.8 13.7 8.9 
24-25-26 5.2 9.7 1.2 
27-28-29 7.0 18.3 10.8 
June 30-31-1 8.1 28.7 0.1 
2-3-4 6.8 26.7 25.5 
5-6-7 7.2 17.0 4.2 
8-9-10 5.3 10.7 0.0 
11-12-13 5.2 11.7 0.0 
14-15-16 5.0 8.7 0.0 
Late planting season {Augus t-N0vembe r) 
Sept . 5-6-7 0.7 1.3 0.0 
8-9-10 0.9 0.3 8.5 
11-12-13 1.0 1.7 2.2 
14-16-17 1.0 2.3 20.9 
18-19-20 0.8 1.3 28.0 
21-23-24 0.8 2.0 20.3 
26-27-28 1.4 4.7 49.3 
Oct. 30-1-2 2.9 5.3 4.5 
3—4—5 3.3 5.7 3.0 
^Each figure represents average of 3 days record. 
^Total earwigs/plant/day consisted of adults + nymph -i-
newly hatched nymphs. 
Figure 29. Fluctuations of P. similans counts recorded in corn during the early 






± .L _L jL _L 
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Figure 30. Fluctuations of P. siïtuLlans counts in com during the late planting 
season. Suwan Farm, l!f74 
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Table 30. Comparison of average earwig counts and rainfall 
pattern as observed in early and late planting 
seasons. Suwan Farm, 1974 
Criterion Early Late 
planting planting 
Average of number of earwigs/ 
plant/day 5.50 1.40 
Average of number of nymph groups/ 
plant/day 0.20 0.04 
Average of number of egg clusters/ 
plant/day 0.20 0.05 
Average of number of newly hatched 
nymphs/piant/day 21.30 22.80 
Average of number of eggs/ 
egg cluster 35.10 30.70 
Frequency of rainy days/month 16.00 19.00 
Average precipitation/day (raiTi) 3.90 7 70 
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Table 31. Distribution of rainy days per month and average 
precipitation recorded during early and late 
planting seasons. Suwan Farm, 1974 
Planting season Distribution of Amount of rain 
rainy days/month per day (mm) 
Early 
April 8 6.9 
May 11 4.4 
June 9 5.7 
July 10 11.8 
Late 
-45 
September • 19 7.5 
October 13 19.7 
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Table 32. Nimber of earwigs/plant/day and percentage plants 
with corn leaf aphids (recorded in a corn field 
during cropping seasons). Suwan Farm, 1974 
Date of Number earwigs/plant/day % plants with aphids 
observation 
Early planting season 
May 27 7.4 72.0 
June 1 10.0 78.7 
3 6.6 56.0 
7 5.6 29.3 
10 4.0 20.0 
11 4.5 30.7 
13 4.8 37.3 
14 4.5 29.3 
16 6.6 60.0 
Late planting season 
Sept. 7 0.9 4.0 
11 0.6 12.0 
13 1.4 25.3 
18 1.1 34.7 
20 0.7 18.7 
27 1,4 21.3 
30 3.0 56.0 
Oct, 2 3.4 82.7 
4 2.6 58.7 
Figure 31. Relationship between mamber of earwigs/plant/day and percentage 
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Figure 32. Relationship between number of earwigs/plant/ 
day and percentage of plants with aphids. 
Late-planting season. Suwan Farm, 1974 
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Table 33. Number of freshly hatched tropical corn borer 
larvae eaten by P. similans during a period of 2 
hours. Suwan Farm, 1974a 
Earwig no. Sex 
Female Male 
Number of borer 
larvae eaten between 
1:30 PM.-3;30 PM. 
1 X 73 
2 X 96 
3 X 71 
4 X 94 
5 X 72 
6 X 118 
Total 524 
Number of borers eaten/earwig/hour = : 43.7 
^All tested insects were fasted for 
feeding. 
20 hours prior to 
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SUMMARY AND CONCLUSIONS 
At the present time there is no research on resistance to 
corn insects in Thailand. We intend to start such research 
because host plant resistance would be an important component 
in a pest management system. The tropical corn borer is the 
most destructive insect pest of corn in some areas of Thailand, 
thus we will focus our attention on this species. Before we 
can screen maize germplasm for resistance and determine the 
genetic basis of resistance and breeding procedures for trans­
ferring resistance to susceptible material, we needed informa­
tion on the biology of the insect on the plant and methods for 
measuring resistance. As Guthrie et al. (1971) pointed out, 
if insects have more than one generation each season, the 
biological relationship between the insect and host plant may 
not be the same for each generation; a knowledge of the biology 
if an insect on the plant is imperative in host-plant 
resistance investigations. 
In Thailand, the tropical corn borer infests corn during 
the whorl- and pollen-shedding stages of plant development. 
Feeding habits of the first generation are similar to the 
European corn borer, i.e., the young larvae feed primarily on 
the spirally rolled leaves in the whorl causing damage to leaf 
tissue. If resistant germplasm is found, larval mortality on 
resistant material will be antibiosis against larvae of a 
first-generation infestation. Resistance to the first 
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generation, therefore, will be resistant to leaf feeding. A 
nine class rating scale (1 = low to 9 = high amount of leaf 
damage), similar to the one used by Guthrie et al. (1960), 
can be used for measuring resistance to a first-generation 
infestation. 
The tropical corn borer is closely related to the European 
corn borer; feeding habits of second-generation larvae, however, 
appear to be similar to feeding habits by second-generation 
southwestern corn borers, i.e. the young larvae feed primarily 
on ear structures (husks, silks, cobs). Second generation 
European corn borers are primarily sheath and collar feeders. 
Second generation European corn borers also feed on pollen 
(Guthrie et al., 1969), we did not prove that second generation 
tropical corn borers feed on pollen; pollen added to the 
meridic diet, however, was beneficial to larval survival and 
development. 
Since different generations of the tropical corn borer 
feed on different parts of the corn plant,- we will need to 
evaluate corn germplasm for resistance to leaf feeding and for 
resistance during pollen dehiscence and later stages because, 
as Guthrie et al. (1971) pointed out for the European corn 
borer, the two types of resistance may not be correlated. 
The success of resistance research on the tropical corn 
borer will depend on being able to rear the insect on a 
meridic diet. We have made progress in developing a meridic 
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diet; more research, however, is needed to perfect the diet. 
Larval survival of the tropical corn borer appeared to be 
higher at Chainat than at Suwan Farm. Biotic as well as 
abiotic factors may be involved. We speculate that climatic 
factors may favor larval survival at Chainat over Suwan Farm. 
Predators, especially the predaceous earwig, Proreus similans 
Stal, consumed large numbers of young tropical corn borers in 
the laboratory and may reduce corn borer populations in the 
field at Suwan Farm. Earwig populations appeared to increase 
with an increase in corn leaf aphid, Rhopalosiphum maidis Fitch, 
populations. Resistance research on the tropical corn borer 
can not be conducted at Suwan Farm because the level of larval 
establishment was too low for measuring relative resistance. 
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and mungbean in a meridie diet on survival and 
development of tropical corn borers. Experiment I, 
Suwan Farm, 1974& 
Treatment Replication Mean 
% survival to pupation 
1 31.3 6.3 6.3 31.3 
00 00 1—1 00 CO 1—1 00 00 r-H 
2 50.0 31.3 18.8 18.8 25.0 12.5 26.0 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 75.0 81.3 93.8 81.3 93.8 87.5 85.4 
5 43.8 68.8 56.3 50.0 75.0 81.3 62.5 
6 6.3 18.8 12.5 6.3 18.8 6.3 11.5 
7 43.8 62.5 62.5 81.3 50.0 87.5 64.6 
8 31.3 56.3 37.5 75.0 50.0 43.8 49.0 
9 56.3 37.5 50.0 56.3 37.5 62.5 50.0 
.0 6-3 0,0 0 „ 0 0,0 0,0 6.3 2.1 
The larvae were reared on a plug of diet in 3-dram 
vials (1 larva/vial). A total of 96 larvae were started in 
each treatment (6 replications of 16 vials each). 
^Treatments: 1, standard diet, SD (ground opaque-2 corn + 
soybean); 2. SD + corn-leaf powder (ground corn excluded); 
3. Ankeny diet, AD; 4. mungbean based diet; 5. SD 4- corn pollen 
(reared to adult); 6. agar + mold inhibitors + corn pollen 
(reared to adult); 7. SD + corn pollen (ground corn excluded, 
reared to adult); 8. agar + mold inhibitors + pollen 
(transferred to SD 6 days after rearing); 9. agar + mold 
inhibitors + pollen (transferred to SD 9 days after rearing); 
10. agar + mold inhibitors 4- pollen (transferred to AD 6 days 
after rearing). 
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Table 34 (Continued) 
Treatment^ Replication Mean 
% survival to adult 
1 12.5 6.3 6.3 18.8 18.8 18.8 13.5 
2 37.5 25.0 18.8 18.8 25.0 12.5 22.9 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 75.0 81.3 93.8 81.3 68.8 87.5 81.3 
5 43=8 62.5 56.3 50.0 68.8 62.5 57.3 
6 0.0 0.0 6.3 0.0 6.3 0.0 2.1 
7 31.3 50.0 56.3 62.5 43.8 81.3 54.2 
8 25.0 43.8 31.3 68.8 37.5 31.3 39.6 
9 50.0 18.8 43.8 43.8 37.5 50.0 40.6 
10 6.3 0.0 0.0 0.0 0.0 0.0 1.0 
Days to pupation of female 
1 27.0 31.0 27.0 0.0 31.0 0.0 29.0 
2 29.0 27.0 30.0 29.0 26.0 34.0 29.2 




5 28; 5 26.0 26.8 26.3 30.5 32.5 28.4 
6 - - 24.0 - - - 24.0 
7 - 25.3 26.0 30.6 32.0 23.0 27.4 
8 30.0 27.0 37.0 31.0 24.7 29.0 30.5 
9 26.0 — 31.0 30.8 27.0 29.0 28.8 
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Table 34 (Continued) 
Treatment" RepTioation Mean 
Days to pupation of male 
1 34.0 - - 32.3 27.0 30.0 30.8 
2 29.0 27.0 31.0 23.0 24.0 - 26.8 
4 24.0 21.0 22.4 21.6 20.5 20.7 21.7 
5 22.0 24.6 28.5 27.0 26.4 25.5 25.7 
6 - - 24.0 - 23.0 - 23.5 
7 25.2 24.0 32.4 24.4 28.6 30.4 27.5 
8 25.7 27.2 28.5 30.2 24.7 32.7 28.2 
9 23.0 27.7 27.5 25.0 34.7 28.7 27.8 
10 40.0 - - - - — 40.0 
Days to adult (Female) 
1 35.0 39.0 35.0 - 40.0 - 37.3 
2 37.3 34.7 37.0 37.0 33.0 42.0 36.8 
3 - — — — - - -
4 31.2 32.2 29.5 32.0 31.4 30.4 32.8 
5 37.0 33.0 34.8 33.5 38.0 40.5 36.1 
6 - - - - - - = 
7 - 33.0 33.5 39.3 40.5 31.0 35.5 
8 43.0 34.5 45.0 39.0 32.7 37.0 38.5 
9 33.7 — 40.0 39.5 35.3 37.0 37.1 
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Table 34 (Continued) 
Treatment 
1 2 3 4 5 6 
Mean 
Days to adult (Male) 
1 43.0 - - 40.0 34.0 38.7 38.9 
2 37.0 35.0 39.5 30.0 31.5 - 34.6 
3 — — - - - - -
4 32.7 29.0 30.1 29.6 28.0 28.7 29.7 
5 29.0 32.7 36.8 35.0 34.4 33.5 33.6 
6 - - 32.0 - 31.0 - 31.5 
7 33.6 32.0 40.0 32.6 36.6 38. 3 35.5 
8 33.0 39.4 36.8 38.7 32.7 40.7 36.9 
9 31.0 37.0 35.7 30.7 43.3 37.0 35.8 
10 48.0 - - - - - 48.0 















- 80.0 - 80.0 
2 
0 
63.3 76.7 60.0 45.0 85.0 90.0 70.0 
J 
4 100.0 106.0 120.0 105.0 104.0 105.0 106.7 
5 98.0 60.0 102.0 110.0 101.7 112.5 93.4 
0 
7 — 97.5 105.0 86.7 80.0 97.5 93.3 
8 40.0 105.0 100.0 80.0 90.0 100.0 85.8 
9 88.3 - 110.0 87.5 106.7 74.0 93.2 
10 - — — — - - -
Based on a single pupa. 
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Table 34 (Continued) 
Treatment^ Replication Mean 
1 2 3 4 5 6 
Pupal weight of males (mg) 
1 70.0^ - - 83.3° 55.0° 63.3 67.9 
2 56.7 60.0 55.0 60.0° 50.0 - 56.3 
4 58.3 71,3 64.3 68.2 73.3 70.0 67.6 
5 80.0 71.1 62.5 55.0 76.0 61.7 67.7 
6 — - - - 40.0° - 40.0 
7 68.0 62.5 66.0 70.0 72.0 73.3 68.6 
8 53.3 60.0 67.5 64.4 70.0 63.3 63.1 
9 50.0 56.7 58.3 73.3 46.7 63.3 58.1 
10 50.0° ----- 50.0° 
Table 35. Analysis of variance for data recorded in Tables 9 and 34 (percent 
Source of 





Block 5 184.84 36.97 
Treatment 7 11471.36 1638.77 22.77** 2.29 3.06 
4 vs (1,2,5 ,6, 7, 8,9) (1) 4593.77 4593.77 63.84** 4.12 7.42 
5 vs (1,2,6 ,1. 8, 9) (1) 1361.66 1361.66 18.92** 
(1,2 ,7) vs (6, 8, 9) (1) 0.08 0.08 < 1 
1 vs (2,7) (1) 1209.65 1209.65 16.81** 
2 vs 7 (1) 1715.54 1715.54 23.84** 
6 vs (8,9) (1) 2589.79 2589.79 35.99** 
8 vs 9 (1) 0. 86 0.86 < 1 
Error 35 2518.54 71.96 
Total 47 
^The analysis is based on transformed data (Arcsin Transformation). Treatments 
3 and 10 had almost complete larval mortality and were not included in the analysis. 
* * 
Significant at 1% level of probability. 
Table 36. Analysis of variance for data recorded in Tables 9 and 34 (percent 
survival to adult)^ 
Source of Calculated 
pb 
Tabular F 
variation df SS MS 5% 1% 
Block 5 232.51 46.50 
Treatment 6 7481.11 1246.85 22.18** 2.40 3. 50 
4 vs (1,2,5,7, 8,9) (1) 3892.74 3892.74 69.24** 4.20 7.60 
(1,2 , 7) vs (5, 8,9) (1) 927.81 927.81 16.50** 
1 vs (2,7) (1) 1131.20 1131.20 20.10** 
2 vs 7 (1) 1118.24 1118.24 19.90** 
5 vs (8,9) (1) 410.33 410.33 7.30* 
8 vs 9 (1) 0. 78 0. 78 0.01 ns 
Error 30 1686.68 56.22 
Total 41 
The analysis is based on transformed data (Arcsin Transformation). Treatments 
3, 6, and 10 were not included in this analysis because of high borer mortalities. 
^ns = nonsignificant. 
Significant at 5% level of probability. 
Significant at 1% level of probability. 
Table 37. Analysis of variance for data recorded in Tables 9 and 34 (days to 
pupation, females)& 
Source of 





Block 5 45.57 9.11 
Treatment 5 125.85 25.17 2.47 ns 2.60 3.90 
2 vs (4,5,7,8,9) (1) 9.31 9.31 0.91 ns 4.30 7.80 
4 vs (5,7,8,9) (1) 86.55 86.55 8.50** 
(5,7) vs (8,9) (1) 13.70 13. 70 1.40 ns 
5 vs 7 (1) 3.36 3. 36 0.30 ns 
8 vs 9 (1) 12.94 12.94 1.20 ns 
Error 23 234.13 10.18 
Total 33 
^Based on missing data analysis. Treatments 1,3,6,10 were not included in the 
analysis because of high borer mortalities. 
^ns = nonsignificant. 
* is 
Significant at 1% level of probability. 
Table 38. Analysis of variance for data recorded in Tables 9 and 34 (days to 
pupation, males 
Source of Calculated Tabular F 
variation df SS MS 5% 1% 
Block 5 65.92 13.18 
Treatment 5 175.39 35.08 4.24** 2.64 3.94 
2 vs (4,5,7,8,9) (1) 4.31 4.31 0.52 ns 4.28 7.88 
4 vs (5,7,8,9) (1) 149.50 149.50 18.08** 
(5,7) vs (8,9) (1) 11. 02 11.02 1.33 ns 
5 vs 7 (1) 10.0 8 10.08 1.22 ns r 
8 vs 9 (1) 0.48 0.48 0.06 ns 
Error 24 
Total 34 
^Based on miss :ing data analysis. Treatments 1,3,6,10 were not included in the 
analysis because of high borer mortalities, 
^ns = nonsignificant. 
* A 
Significant at 1% level of probability. 
Table 39. Analysis of variance for data recorded in Tables 9 and 34 (days to adult, 
females)a 
Source of Calculated Tabular F 
variation df SS MS 5% 1% 
Block 5 44.43 8.89 
Treatment 5 188.20 37.64 3.20* 2. 62 3. 90 
2 vs (4,5,7,8,9) (1) 7.86 7.86 0.67 ns 4. 26 7. 82 
4 vs (5,7,8,9) (1) 149.92 149.92 12.75** 
(5,7) vs (8,9) (1) 18. 22 18.22 1.55 ns 
5 vs 7 (1) 1.14 1.14 1.00 ns 
8 vs 9 (1) 11.06 11.06 0.94 ns 
Error 23 270.53 11.76 
Total 33 
^Based on missing data analysis. Treatments 1,3,6,10 were not included in the 
analysis because of high borer mortalities. 
^ns = nonsignificant. 
* 
Significant at 5% level. 
* * 
Significant at 1% level. 
Table 40. Analysis of variance for data recorded in Tables 9 and 34 (days to adult, 
males)& 
Source of Calculated Tabular F 
variation df SS MS 5% 1% 
Block 5 60.59 12.12 
Treatment 5 192.45 38.49 3.37* 2. 62 3. 90 
2 vs (4,5,7,8,9) (1) 0.11 0.11 0.01 ns 4. 26 7. 82 
4 vs (5,7,8,9) (1) 158.17 158.17 13.84** 
(5,7) vs (8,9) (1) 19.10 19.10 1.67 ns 
5 vs 7 (1) 11.56 11.56 1,01 ns 
8 vs 9 (1) 3. 62 3. 62 0.32 ns 
Error 24 274.27 11.43 
Total 34 
^Based on missing data analysis. Treatments 1,3,6,10 were not included in the 
analysis because of high borer mortalities. 
^ns = nonsignificant. 
* 
Significant at 5% level. 
* * 
Significant at 1% level. 
Table 41. Analysis of variance for data in Tables 9 and 34 {female pupal weight)^ 
Source of 





Block 5 1896.20 379.24 
Treatment 5 4540.40 908.08 3.47 
4 vs (2,5,7, 00
 
(1) 1855.96 1855.96 7.11* 
5 vs (2,7,8, 9) (1) 744.21 744.21 2.85 ns 
2 vs (7,8,9) (1) 1778.46 1778.46 « H 0
0 VO 
7 vs (8,9) (1) 7.48 7.48 0.03 ns 
8 vs 9 (1) 154.73 154.73 0.59 ns 






^Based on missing data analysis. Treatments 1,3,6, and 10 were not included in 
tlie analysis because of high borer mortalities. 
^ns = nonsignificant. 
•k 
Significant at 5% level of probability. 
Table 42. Analysis of variance for data recorded in Tables 9 and 34 (male pupal 
weight)& 
Source of Calculated Tabular F 
variation df SS MS Ft> 5% 1% 
Block 5 69. 89 13.98 
Treatment 5 931.00 186.00 3.34* 2. 60 3. 90 
2 vs (4,5,7,8,9) (1) 457.06 457.06 8.19** 4. 30 7. 80 
4 vs (5,7,8,9) (1) 48. 73 48.73 0.87 ns 
(5,7) vs (8,9) (1) 346.33 346.33 6.21** 
5 vs 7 (1) 2.57 2.57 0.05 ns 
8 vs 9 (1) 76. 31 76.31 1.37 ns 
Error 24 1339.61 55.81 
Total 34 
^Based on the missing data analysis. Treatments 1,3,6,10 were not included in 
lihe analysis because of high borer mortalities. 
^ns = nonsignificant. 
Significant cit 5% level of probability. 
* 
Significant at 1% level of probability. 
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Table 43. Effect of corn pollen, corn-leaf powder, wheat germ, 
and mungbean in a meridic diet on survival and 
development of tropical corn borers. Experiment II, 
Suwan Farm, 1974^ 
Treatment^ Replication Mean 
1 2 3 4 5 6 
% survival to pupation 
1 56.3 62.5 62.5 75.0 68.8 62.5 64.6 
2 87.5 62.5 68.8 62.5 68.8 81.3 71.9 
3 50.0 56.3 75.0 68.8 56.3 56.3 60.4 
4 50.0 68.8 68.8 81.3 50.0 62.5 63.5 
5 25.0 43.8 18.8 37.5 50.0 87.5 43.8 
6 75.0 93.8 87.5 81.3 75.0 75.0 81.3 
7 75.0 50.0 68.8 62.5 81.3 56.3 65.6 
8 6.3 6.3 0.0 0.0 0.0 6.3 3.2 
9 25.0 25.0 18.8 50.0 25.0 50.0 32.3 
10 37.5 18.8 13.8 25.0 12.5 25.0 22.9 
The larvae were reared on a plug of diet in 3-dram vials 
(1 larva/vial). A total of 96 larvae were started in each 
treatment (6 replications of 16 vials each). 
^TreatmentsÎ 1. standard diet (opaque-2 corn + soybean 
based diet), SD; 2. SD + corn pollen (reared to adult); 
3. SD + wheat germ (substitute opaque-2)? 4. SD + wheat germ 
(substitute opaque-2) + corn pollen (reared to adult); 5. mung­
bean based diet, MB; 6. MB + corn pollen (reared to adult); 
7. MB + corn pollen (corn leaf excluded) reared to adult; 
8, corn pollen + agar + mold inhibitor (transferred to mungbean 
after 3 days); 9. corn pollen + agar + mold inhibitor 
(transferred to mungbean diet after 6 days); 10. corn pollen + 
agar + mold inhibitor (transferred to mungbean diet after 9 
days). 
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Table 43 (Continued) 
Replication Mean 
Treatment 1 2 3 4 5 6 
% survival to adult 
1 56. 3 62. 5 56. 3 62. 5 50. 0 50. 0 56. 3 
2 68. 8 56. 3 62. 5 62. 5 56. 3 62. 5 61. 5 
3 50. 0 50. 0 62. 5 62. 5 50. 0 56. 3 55. 2 
4 50. 0 56. 3 56. 3 75. 0 43. 8 56. 3 56. 3 
5 25. 0 18, 8 12. 5 31. 3 43. 8 75. 0 34. 4 
6 75. 0 81. 3 56. 3 62. 5 68. 8 62. 5 67. 7 
7 75. 0 37. 5 68. 8 50. 0 62. 5 56. 3 58. 3 
8 6. 3 6. 3 0. 0 0. 0 0. 0 6. 3 3. 2 
9 18. 8 25. 0 12. 5 37. 5 12. 5 43. 8 25. 0 
10 37. 5 12. 5 12. 5 25. 0 12. 5 25. 0 20. ,8 
Days to 1 pupation (Female) 
1 31, .3 32. 5 32. 4 29. 3 30. ,0 30. 0 30. ,9 
2 27. ,2 24. / 3 25. 
7 22. 3 21. ,3 22. 7 23. ,9 
3 27. 6 25. 0 24. 0 24. 3 25. ,0 26. 0 25, .3 
4 24. 8 19. 5 23. 8 23. 2 22, .3 24. 0 22, ,9 
5 26, = 0 26 = 5 32. 0 37. 0 33, .5 29. 2 30, .7 
6 27 .3 24. 5 25. ,0 33. 3 26 .4 29. 3 27, >6 
7 30 . 8 34. 0 32. ,3 33. ,0 33 .0 30. 7 32, 3 
8 — 42. 0 — - - - 42 .0 
9 37 .0 35. 0 33. ,0 36. ,8 42 .0 35. ,5 36 .5 
10 37 .7 43. 0 42. 0 40 .9 
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Table 43 (Continued) 
Replication itssoiuueiit 
1 2 3 4 5 6 
• neaii 
Days to pupation (Male) 
1 26. 4 28. 5 25. 5 28. 4 26. 5 26. 3 26. 9 
2 22. 0 25. 0 22. 0 23. 7 23. 0 21. 7 22. 9 
3 24. 7 25. 8 24. 7 25. 6 27. 5 24. 0 25. 4 
4 21. 5 22. 6 21. 3 26. 0 24. 7 23. 0 23. 2 
5 37. 3 31. 0 24. 0 34. 5 25. 8 27. 4 30. 0 
6 23. 8 24. 4 24. 6 23. 5 23. 5 25. 0 24. 1 
7 32. 3 37. G 29. 1 31. 4 30. 5 26. 0 31. 0 
8 43. 0 - «<. — - 43. 0 43. 0 
9 34. ,5 42. 0 32. 0 31. 5 38. 0 37. ,0 35. 8 
10 37. ,0 36. 5 34. 5 35. 0 34. 0 37. ,0 35. 7 
Days to adult (Female) 
1 38. .3 39. 0 35. 3 36. 3 37. 0 37, , 0 37, .8 
2 35. 2 32. 5 33. 7 30. 7 29. 7 32. ,3 32. ,3 
3 35, ,0 33. 3 32. 0 32. 0 32. 5 • 34, ,0 33. ,1 
4 33. 0 28. 0 31. 8 31. 8 30. 5 31. 8 31. 2 
5 34 .0 34. ,0 38. ,0 45. ,0 40. .5 36 ,7 38 ,0 
6 34 .7 32. ,8 33. ,5 40. .8 34. 3 37 .0 35 .5 
7 37 .9 41. 3 38. ,7 40. 0 40. ,8 38 .2 39 .5 
8 - 51. 0 - - - - 51 .0 
9 44 .0 42, .0 40 .0 44, ,0 50, ,0 43 .2 43 .9 
10 45 .3 •s> 51, .0 — 50 .0 48 .8 
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Table 43 (Continued) 
b Replication 
1 2 3 4 5 € 
Days to adult (Male) 
1 34. 0 36. 3 33 .5 36. 1 34. 3 34. 5 34. 8 
2 30. 6 33. 0 30 .9 32. 4 31. 8 30. 0 31. 5 
3 34. 0 34. 5 33 .1 33. 9 35. 7 32. 3 33. 9 
4 30. ,5 31. 6 29 .0 34. 5 33. 3 32. 0 31. 8 
5 45 = 3 39. 0 32 .0 42. 3 34. ,4 35. 6 38. ,1 
6 32. ,5 32. 8 33 .6 32. 5 32. ,0 33. ,6 32. 8 
7 40. ,3 45. 0 37 .5 39. 3 38. ,7 34. ,3 39. 2 
8 52. 0 - - - - 51. ,0 51. 5 
9 41. ,0 48. 5 39 .0 39. 5 45. 0 45. ,0 43. ,0 
10 45. ,3 44. 0 41 .5 43. 0 41. ,5 45. ,0 43. ,4 
Pupal weight (Female) mg 
1 90. ,0 80. 0 87 .1 76. 7 80. ,0 85. ,0 83. 1 
2 88, .3 93. 3 100 .0 113. 3 80, .0 92. ,9 94, .6 
3 92. 0 80. 0 80 .0 113. 3 85. .0 85. 0 89. 2 
4 111. 7 75. 0 96 .7 110. 0 115. 0 90, .0 99. 7 
5 120, .0 85. 0 70 .0 80. 0 100, .0 81. 7 89, .5 
6 110, .0 98. 8 92 .5 97. 5 108, .6 96, .7 100, ,7 
7 100, .0 105. 0 96 .7 110. 0 100, .0 106, .7 103, .1 
8 - 70. 0 - - — - 70, .0 
9 60 .0 75. 0 70 .0 80. 0 90, .0 78, .3 75, .6 
10 66 .7 — __ 75. 0 60 .0 67 .2 
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Table 43 (Continued) 
Treatment'' Replication Mean 
1 2 3 4 5 6 
Pupal weight (Male) mg 
1 54.0 60.0 60.0 55.7 75.0 60.0 60.8 
2 70.0 73.3 57.1 70.0 56.7 46.7 62.3 
3 46.7 50.0 65.6 62.9 58.3 63.3 57.8 
4 60.0 72.0 66.7 60.0 56.7 62.5 63.0 
5 56.7 40.0 60.0 50,0 52.0 50.0 51.4 
6 70.0 78.0 66.0 58.3 70.0 62.9 67.5 
7 57.5 55.0 67,5 65.7 65.0 80.0 65.1 
8 80.0 - — — - 70.0 75.0 
9 45.0 45.0 70.0 65.0 90.0 60.0 62.5 
10 46.7 55.0 50.0 40.0 55.0 46.7 48.9 
Table 44. Analysis of variance for data recorded in Tables 11 and 43 (percent 
survival to pupation.) 
Source of 







Block 5 240.46 
Treatment 8 6668.71 833.59 12.41** 2 .18 2.99 
5 vs (1,2 ,3,4,6, 7,9 ,10) (1) 360.66 360.66 5.37* 4 .08 7.31 
(1,2,3,4) vs (6, 7,9 ,10) (1) 885.11 885.11 13.18** 
(1,2) vs (3,4) (1) 88.24 88.24 1.31 ns 
1 vs 2 (1) 69.41 69.41 1.03 ns 
3 vs 4 (1) 11.60 11.60 0.17 ns 
(6,7) vs (9,10) (1) 4816.10 4816.10 71.72** 
6 vs 7 (1) 330.54 330.54 4.92* 
9 vs 10 (1) 107.04 107.04 1.59 ns 
Error 40 2685.86 67.15 
Total 53 
^Based on transformed data (Arcsin Transformation). Treatment 8 was not 
included in the analysis because of high larval mortality. 
b ns = nonsignificant. 
Significant at 5% level. 
Significant at 1% level. 
Table 45. Analysis of variance foi: data recorded in Tables 11 and 4 3 (percent 
survival to adult)^ 
Source of 





Block 5 373. 08 74.62 
Treatment 8 5269. 73 658.72 12. 69** 
5 vs (1,2 ,3,4,6,7,9 ,10) (1) 482. 56 482.56 9. 29** 
(1,2,3,4) vs (6,7,9 ,10) (1) 943. 24 943.24 18. 17** 
(1,2) vs (3,4) (1) 18. 94 18.94 0. 36 ns 
1 vs 2 (1) 27. 85 27. 85 0. 54 ns 
3 vs 4 (1) 1. 47 1.47 0. 03 ns 
(6,7) vs (9,10) (1) 3675. 87 3675.87 70. 80** 
6 vs 7 (1) 95. 54 95.54 1. 84 ns 
9 vs 10 (1) 22. 52 22. 52 0. 43 ns 






^Based on transformed data (Arcsin Transformation). Treatment 8 was not 
included in the analysis because of high larval mortality. 
^ns = nonsignificant. 
* 'St 
Significant at 1% level. 
Table 46. Analysis of variance for data recorded in Tables 11 and 4 3 (days to 
pupation, females) 
Source of 






Block 5 23.08 4.62 
Treatment 7 911.37 130.20 1.30 ns 
(1,2,3,4) vs (5,6,7,9) (1) 434.82 434.82 4.34* 
(1,2) vs (3,4) (1) 65.14 65.14 0.65 ns 
1 vs 2 (1) 146.37 146.37 1.46 ns 
3 vs 4 (1) 17.16 17.16 0.17 ns 
(5,6) vs (7,9) (1) 165.48 165.48 1.65 ns 
5 vs 6 (1) 28.09 28. 09 0.28 ns 
7 vs 9 (1) 54.19 54.19 0.54 ns 







ns = nonsignificant. 
Significant cit 5% level. 
Table 47. Analysis of variance for data recorded in Tables 11 and 43 (days to 
pupation, males) 
Source of 





Block 5 79.50 15.90 
Treatment 8 1228.87 153.61 24.31** 2 .  18 2.99 
5 vs (1,2 ,3,4,6, 7, 9, 10) (1) 18.73 18.73 2.96 ns 4. 08 7. 31 
(1,2,3,4) vs (6, 7, 9, 10) (1) 600.95 600.95 95.09** 
(1,2) vs (3,4) (1) 2.47 2.47 0.39 ns 
1 vs 2 (1) 48.80 48.80 7.72** 
3 vs 4 (1) 14.21 14.21 2.24 ns 
(6,7) vs (9,10) (1) 399.68 399.68 63.24** 
6 vs 7 (1) 143,94 143.94 22.78** 
9 vs 10 (1) 0.08 0.08 0.01 ns 
Error 40 252.77 6. 32 
Total 53 
ns = nonsignificant. 
* * 
Significant at 1% level 
Table 48. Analysis of variance for data recorded in Tables 11 and 43 (days to adult, 
females) 
Source of 





Block 5 24.41 
Treatment 7 751.29 107.33 16.77** 2.29 3. 30 
(1,2,3,4) vs (5,6,7,9) (1) 376.94 376.94 58.90** 4.12 7.42 
(1,2) vs (3,4) (1) 51.42 51.42 8.03** 
1 vs 2 (1) 90.20 90.20 14.09** 
3 vs 4 (1) 11.58 11.58 1.81 ns 
(5,6) vs (7,9) (1> 143.67 143.67 22.45** 
5 vs 6 (1) 19.18 19.18 3.00 ns 
7 vs 9 (1) 58.30 58.30 9.11** 





ns = nonsignificant. 
Significant at 1% level. 






5 vs (1,2 ,3,4,6, 7,9,10) (1) 
(1,2,3,4) vs (6,' :',9,10) (1) 
(1,2) vs (3,4) (1) 
1 vs 2 (1) 
(6,7) vs (9,10) (1) 
6 vs 7 (1) 
3 vs 4 (1) 
9 vs 10 (1) 
Error 40 
Total 53 
^ns = nonsignificant. 
Significant cit 5% level. 
* *  
Significant at 1% level. 
data recorded in Tables 11 and 43 (days to adult. 
Calculated Tabular F 
SS MS 5% 1% 
2.18 2.99 
4.08 7.31 
76. 86 15. 37 
1019. 48 127. 44 4. 65** 
17. 34 17. 34 0. 6 3 ns 
523. 91 523. 91 19. 11** 
0. 37 0. 37 0. 01 ns 
33. 07 33. 07 1. 21 ns 
314. 80 314. 80 11. 48** 
120. 78 120. 78 4. 41* 
13. 10 13. 10 0. 48 ns 
0. 45 0. 45 0. 02 ns 
1096. 34 27. 41 
Table 50. Analysis of variance for data recorded in Tables 11 and 43 (female pupal 
weight) 
Source of 







Block 5 1009.16 201.83 
Treatment 7 3774.20 539.17 4.47** 2 .29 3.20 
(1,2,3,4) vs (5,6,7,9) (1) 3.00 3.00 0.02 ns 4 .12 7.42 
(1,2) vs (3,4) (1) 187.10 187.10 1.55 ns 
1 vs 2 (1) 397.21 397.21 3.29 ns 
3 vs 4 (1) 330.86 330.86 2.74 ns 
(5,6) vs (7,9) (1) 198.32 198.32 1.64 ns 
5 vs 5 (1) 377.67 377.67 3.13 ns 
7 vs 9 (1) 2269.03 2269.03 18.82** 
Error 35 4219.73 120.56 
Total 47 
ns = nonsignificant. 
* * 
Significant at 1% level. 
Table 51. Analysis of variance for data recorded in Tables 11 and 43 (male pupal 
weight) 
Source of 







Block 5 387.84 77.57 
Treatment 8 1832.26 229.03 2.74* 2 .18 2.99 
5 vs (1,2 ,3,4,6, 7 ,9 ,10) (1) 485.54 485.54 5. 81* 4 .08 7. 31 
(1,2,3,4) vs (6, 7 ,9 ,10) (1) 0,03 0.03 < 1 ns 
(1,2) vs (3,4) (1) 8.09 8.09 0.10 ns 
1 vs 2 (1) 6.09 6.09 0.07 ns 
3 vs 4 (1) 80.53 80.53 0.96 ns 
(6,7) vs (9,10) (1) 677.98 677.98 8.12** 
6 vs 7 (1) 17.47 17.47 0.21 ns 
9 vs 10 (1) 555.70 555.70 6.65* 
Error 40 3341.69 83.54 
Total 53 
ns = nonsignificant. 
•f 
Significant at 5% level. 
Significant at 1% level. 
Table 52. Number of first generation tropical corn borers found on various plant 
parts, recorded at 3,6,9,12,36, and 50 days after egg hatch. Late whorl 
stage of plant growth. Suwan Farm, April 1973 
Dissec" Repli- Location of larvae Borers % ^ 
fcion cation Ear per survival 
interval plant 
x: 4J (0 
(D ja 
to 
a iH r-t 
"H 0 0) M 
M U1 iw 1—t c a 
13 V3 Id (0 tn M A m rH 
,4 «Î 0) •IJ a <U O xi •H 
S El cn œ Ui o w Ui 
Variety Guatemala 
3 1 24 2.4 4.0 
2 35 3.5 5.8 
3 54 5.4 9.0 
4 9 0.9 1.5 
Average 3.1 5.1 
6 1 14 1.4 2. 3 
2 9 4 1.3 2.2 
3 3 0.3 0.5 
4 34 3.4 5. 7 
Average 1.6 2.7 
9 1 4 2 0.6 1.0 
2 2 4 0.6 1.0 
3 0 0 0.0 0.0 
4 2 1 0.3 0.5 
Average 0.4 0.8 
12 1 16 2 2 4 2.4 4.0 
2 1 0.1 0.2 
3 0.0 0.0 






21 1 5 0.5 0.8 
2 6 0.6 1.0 
3 5 0.5 0.8 
4 2 0.2 0.3 
Average 0.5 0.8 
36 1 2 0.2 0.3 
2 2 0.2 0.3 
3 9 0.9 1.5 
4 6 0.6 1.0 
Average 0.5 0.8 
50 1 4 0.4 0.7 
2 1 0.1 0.2 
3 5 0.5 0.8 
4 5 0.5 0.8 
Average 0.4 0.6 
Variety DMR#5 
3 1 21 2.1 3.5 
2 23 2.3 3.8 
3 6 0.6 1.0 
4 7 0.7 1.2 
Average 1.4 2.4 
^Number of days plants were dissected after egg hatch. 
^Each figure represents the total number of borers recorded from 10 plants. 
^Percent larval survival is based on the assumption that one egg mass 
contained 20 eggs. 












































1 1 11 1.2 2.0 
2 13 1.3 2.2 
3 8 0.8 1. 3 
4 2 0.2 0.3 
Average 0.9 1.5 
1 2 6 0.8 1.3 
2 3 20 2.3 3.8 
3 1 8 0.9 1.5 
4 1 0.1 0.2 
Average 1.0 1.7 
1 1 1 0.2 0. 3 
2 2 0.2 0.3 
3 2 1 0.3 0.5 
4 1 1 0.2 0.3 
Average 0.2 0.4 
1 1 0.1 0.2 
2 1 9 1 1 1.2 2.0 
3 1 3 0.4 0.7 
4 2 0.2 0. 3 









2 0.2 0.3 
4 0.4 0.7 
5 0.5 0.8 
2 0.2 0.3 
Average 0.3 0.5 
1 0.1 0.2 
1 0.1 0.2 
3 1 0.4 0.7 
4 1 0.5 0.8 
Average 0.3 0.5 
00 in 
Table 53. Number of second generation tropical corn borers found on various plant 
parts, recorded at 3,6,9,12, and 21 days after egg hatch. Pollen-
shedding stage of plant growth. Suwan Farm, July 1973 
Dissec­ Repli­ Location of larvae^ Borers % 
tion cation Ear per survival 
interval a 
x: 1—4 plant 
-tJ X (U 
m 1—fl M G c M Q) as (c; in M A 1—1 Si <D •P 3 0) O x; •H 
tn J m K « u w tn 
Variety Guatemala 
3 1 5 22 2.7 4.5 
2 12 23 3.5 5.8 
3 15 14 2.9 4. 8 
4 9 16 2.5 4.2 
5 17 2 1.9 3. 2 
6 6 5 1.1 1. 8 
Average 2.4 4.1 
6 1 3 7 5 22 3.7 6.2 
2 5 2 12 1.9 3.2 
3 1 8 1 11 2.1 3. 5 
4 12 15 2.7 4.5 
5 13 13 1.3 2.2 
6 2 8 14 2.4 4.0 
Average 2.4 3.9 
9 1 2 1 19 2.2 3.7 
2 2 4 2 6 1.4 2.3 
3 1 6 2 0.9 1.5 
4 2 1 8 1.1 1.8 
5 3 6 0.9 1.5 
6 2 5 5 10 2.2 3.7 




























































































2 . 0  
2.5 













Number of days plants were dissected after egg hatch. 
^Each figure represents total number of borers from 10 plants. 
^Percent larval survival is based on the assumption that one egg mass contained 
20 eggs. 
00 






Location of larvae 
Ear 
Si 
-P o M 
n) 4-1 r4 c S M 0) ft) Id m M A nj rH Si a) -(J 3 (U O Si "H 






1 8 2 9 1.9 3.2 
2 5 2 16 2.3 3.8 
3 2 9 14 2.5 4.2 
4 7 10 1.7 2.8 
5 1 7 10 1.8 3.0 
6 8 16 2.4 4.0 
Average 2.1 3.5 
1 1 7 3 8 1.9 3. 2 
2 4 2 6 1.2 2.0 
3 2 3 6 1.1 1. 8 
4 1 2 0.3 0.5 
5 1 3 7 1.1 1. 8 
6 1 4 0.5 0.8 
Average 1.0 1.7 
1 5 2 9 1.6 2.7 
2 2 1 1 3 0.7 1.2 
3 3 1 1 0.5 0.8 
4 3 2 2 10 1,7 2.8 
5 2 0.2 0.3 
6 1 3 2 0.6 1.0 
Average 0.9 1.5 
21 2 1 0.7 1.2 
2 0.4 0.7 
2 0.8 1.3 
1 1 0.2 0.3 
3 1 1 0.9 1.5 
1 0.2 0.3 




Table 54. Number of tropical com borers found on various 
plant parts. . Suwan Farm, November 1973& 









































1 1 13 14 18.7 
2 2 13 9 1 25 33.3 
3 3 7 5 14 2 2 33 44.0 
4 3 1 4 5.3 
5 3 14 4 21 28.0 
6 1 1 3 1 1 7 9.3 
7 1 1 1.3 
8 1 1 5 1 3 10 13.3 
9 1 2 4 5.3 
10 1 1 2 2.7 
11 6 2 13 1 22 29.3 
12 5 14 19 25.3 
13 3 5 2 10 13.3 
14 3 1 4 5.3 
15 1 1 1 2 5 6.7 
16 9 7 34 45.3 
17 17 1 1 1.3 
18 5 1 1 7 9.3 






20 3 3 9 1 16 21.3 
21 2 4 6 1 13 17.3 
22 9 3 7 2 21 28.0 
23 1 1 1.3 
Sweet corn variety Hawaiian sugar was infested during the 
pollen-shedding stage of plant development with egg masses from 
a culture of borers reared for 11 generations on a meridic diet. 
Plants were infested with five egg masses per plant and were 
dissected IS days after egg hatch. 
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Table 54 (Continued) 
Plant Ear Borers Percentage 
no. per survival 
5 (Ti 0) X plant r4 c c (D fd Ul n H 
X •p 0 0) 0 •H W w M w o W W 
24 6 1 1 8 10.7 
25 6 1 7 9.3 
26 9 2 12 3 11 3 40 53.3 
27 1 1 5 16 ] 24 32.0 
28 3 4 3 1 7 18 24.0 
29 3 3 1 2 9 12.0 
30 2 1 3 4.0 
31 0 0.0 
32 1 1 1.3 
33 1 1 1.3 
34 2 2 2.7 
35 0 0.0 
35 0 0.0 
37 0 0.0 
38 1 1 1.3 
39 0 0.0 
40 0 0.0 
41 2 6 20 28 37.4 
42 1 1 2 4 5.3 
43 0 0.0 
44 3 2 6 8.0 
45 1 2 3 4.0 
46 2 1 3 4.0 
47 1 1 2 3 4.0 
48 1 1 2 2.7 
49 3 6 9 12.0 
50 0 0.0 
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Table 54 (Continued) 
Plant Ear Borers Percentage 
no. per survival 
43 H 
-P (D (0 H C g (D M k XI ft) H jq 4J 0 <U 0 X! •H 
to U] S K U w CQ 
plant 
51 1 4 5 6.7 
52 0 0.0 
53 5 5 6.7 
54 1 1 1.3 
55 4 1 5 6.7 
56 1 3 5 6.7 
57 2 2 2. 7 
58 3 2 5 6.7 
59 4 2 14 20 26.7 
60 1 4 6 8.0 
61 1 1 2 2.7 
62 1 1 1.3 
63 1 1 2 2.7 
64 1 1 4 6 8.0 
65 0 0.0 
66 0 0.0 
67 0 0.0 
68 0 0.0 
69 3 2 5 6.7 
70 5 5 6.7 
71 3 2 5 6.7 
72 1 1 1.3 
73 0 0.0 








Table 55. Field data on borer counts, leaf feeding ratings, 
and borer holes per plant recorded under natural 
infestation. Chainat, Thailand. July, 1973^ 
Plant Location of larvae (number) Borers Leaf Borer 
no. per feeding holes/ 
plant rating plant A 1 H +> (U 
iw nJ 0) (D m m rX C 
td Q) •d •p'd en to m 
m JC. C 0 m 0 (d Xi 
Hi Cfl 2 H c E4 W W CO 
1 2 1 1 4 4 2 
2 0 2 0 
3 0 4 0 
4 0 3 1 
5 1 1 2 1 
6 1 1 1 0 
7 0 1 0 
8 2 1 3 2 5 
9 2 2 2 2 
10 1 3 4 4 0 
11 1 3 4 4 0 
12 1 1 3 1 
13 1 1 3 1 
14 1 1 1 3 2 2 
15 1 1 2 1 
16 7 7 4 2 
17 2 2 2 1 
18 2 2 2 2 
19 1 2 3 2 1 
20 2 1 1 4 3 2 
21 1 2 3 2 1 
22 1 1 3 1 
23 1 1 2 2 0 
24 2 2 4 2 2 
25 2 1 3 4 2 
^Borers were dissected from sweet corn variety Hawaiian 
sugar during pollen-shedding stage of plant growth. 
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Table 55 (Continued) 
Plant Location of larvae (number) Borers Leaf Borer 
no. ^ per feeding holes/ 
5 M <u X plant rating plant 
44 (0 (1)Q)(DID^  Ç 
(v5 Q) 'C4J'ao3tfl M fO 
( U X !  0  C  0  (0  0  «J  A  
CO g HG E4 K M M 
26 1 1 2 3 1 
27 1 1 2 0 
28 1 1 2 2 1 
29 1 1 1 3 3 3 
30 2 2 3 2 
31 1 1 2 3 3 
32 1 2 1 4 4 2 
33 1 1 2 3 1 
34 1 1 2 2 2 
35 0 3 0 
36 1 2 3 2 1 
37 1 1 3 1 
38 3 1 2 6 5 0 
39 1 1 3 2 
40 1 1 3 1 
41 2 1 2 5 6 1 
42 1 1 2 2 1 
43 3 3 4 1 
44 3 3 4 4 
45 1 2 3 3 3 
46 1 1 2 2 1 
47 1 1 2 4 4 3 
48 0 3 1 
49 4 1 5 4 0 
50 3 1 4 2 0 
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Table 55 (Continued) 
Plant 
no. 
Location of larvae (huitibér) Borers Leaf Borer 
per 
plant 1 rH 
4J M <u M 
n3 (!) 0 (0 X (0 0) •0 4-1 13 CO m W (9 
(U Xi 0 G 0 (6 3 ni Xi 
W s H G EH M M to 
feeding holes/ 
rating plant 
51 2 2 3 1 
52 3 1 4 5 2 
53 1 1 4 1 
54 1 1 2 3 0 
55 1 1 1 3 4 3 
56 3 1 1 5 7 2 
57 1 3 4 5 5 
58 1 1 3 3 
59 1 3 5 9 6 5 
60 1 1 2 3 3 
61 1 1 1 3 3 1 
62 1 3 4 6 3 
63 1 2 2 5 5 2 
64 1 1 5 7 6 3 
65 3 1 4 4 1 
66 1 1 2 2 2 
67 1 1 3 5 5 6 
68 2 1 1 4 5 2 
69 1 1 2 4 4 2 
70 2 1 3 6 7 3 
71 1 3 4 6 2 
72 1 3 4 4 2 
73 1 1 2 1 5 6 2 
74 1 3 2 5 11 7 6 
75 3 1 2 4 10 7 2 
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Table 55 (Continued) 
Plant Location of larvae (number) Borers Leaf Borer 
no. per feeding holes/ 
rating plant Xi 1 r4 
u 0) (0 0) 0) 0) (0 C 
OJ <U •P T) U) m M nJ 0) 0 fl 0 nJ » (0 X! 
w g H c EH m H en 
plant 
76 2 1 2 3 4 2 
77 1 2 2 5 4 2 
78 1 1 2 1 3 9 6 3 
79 2 1 1 4 5 2 
80 3 2 3 8 7 2 
81 1 1 2 2 2 
82 1 1 2 2 2 
83 1 1 2 4 1 
84 2 3 1 6 7 3 
85 6 6 12 7 10 
86 2 1 3 4 2 
87 1 2 1 4 7 5 
88 1 1 1 3 2 2 
89 1 1 1 3 2 2 
90 3 1 2 1 7 6 5 
91 1 1 2 2 6 5 2 
92 2 1 4 2 9 6 0 
93 1 3 3 7 7 0 
94 1 1 5 7 5 6 
95 1 3 1 5 6 4 
96 2 2 2 6 6 4 
97 1 2 2 5 5 2 
98 1 1 2 4 4 3 
99 3 3 2 8 7 4 
100 2 1 3 3 2 
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Table 55 (Continued) 
Plant Location of larvae (number) Borers Leaf Borer 
no. per feeding holes/ 
5 ^ ^ plant rating plant 
o j  Q )  « O - p f d c n  m  h  m  
o x ;  o  g  o  (0  0  ( O jc 
Hi w m Hw 
101 1 1 1 3 3 1 
102 5 4 3 12 7 3 
103 1 3 4 5 4 
104 1 2 2 5 2 3 
105 1 2 1 2 5 7 4 
105 1 2 3 4 2 
107 3 3 2 4 
108 3 1 1 2 8 6 2 
109 1 1 2 2 3 
110 1 1 2 4 6 3 
111 1 1 2 4 6 0 
112 2 2 4 4 3 
113 2 3 1 6 6 5 
114 2 2 2 5 5 2 
115 1 2 1 4 5 3 
116 1 1 3 5 6 2 
117 2 2 1 5 6 2 
118 1 2 3 5 5 3 
119 2 1 3 6 3 
120 2 2 2 3 
121 2 2 2 6 7 3 
122 1 1 1 3 4 2 
123 4 1 3 5 13 7 3 
124 1 4 5 4 1 
125 1 2 1 4 4 2 
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Table 55 (Continued) 
Plant Location of larvae (number) Borers Leaf Borer 
no. per feeding holes/ 
plant rating plant a 1 iH •y M Q) (0 m a) Q) to G (S <y 73 +> '0 (0 m w «3 
<u 0 fi 0 <0 3 rt 
w 3 H c E4 œ M W 
126 1 3 1 5 3 3 
127 1 2 2 5 6 2 
128 1 1 2 4 4 2 
129 1 1 3 2 
130 2 2 1 5 3 1 
131 2 3 4 2 11 6 4 
132 3 2 3 8 7 4 
133 1 2 4 7 5 2 
134 1 4 5 6 1 
135 3 2 1 6 6 4 
136 1 2 3 6 5 2 
137 3 1 4 8 7 2 
138 1 1 2 2 
139 1 3 4 8 6 3 
140 2 3 2 7 7 4 
141 3 1 4 3 1 
142 3 1 4 2 3 
143 2 2 1 5 6 4 
144 2 2 1 4 9 6 2 
145 3 2 5 5 0 
146 2 2 2 2 
147 1 2 2 5 4 6 
148 1 2 3 4 2 
149 1 1 3 0 
150 2 1 2 c 5 3 




Location of larvae (number) 
Si H 
•P M 0) Ai iw (C 0) 0) 0) 0) G (0 (U no 4-1 'O U) CD 5-1 nj 
0) Xi 0 CS 0 nJ 3 fU f: 










151 3 3 3 0 
152 4 4 3 4 
153 4 1 4 4 13 7 4 
154 0 2 2 
155 1 2 3 2 3 
156 1 1 2 1 
157 1 4 6 6 1 
158 1 1 3 2 
159 1 3 2 6 7 3 
160 3 3 3 0 
161 4 4 4 5 
162 3 1 2 1 1 8 7 4 
163 2 2 2 6 5 4 
164 1 1 2 3 1 
Totals 76 63 131 185 213 9 678 680 362 
Average 4.13 4.16 2.21 
Percentage of borers at each location; 
Leaf = 11.2% 
Sheath = 9.3% 
Node = 19.4% 
Internode = 27.3% 
Tassel = 31.5% 





Number of first generation tropical corn borers found on various plant 
parts, recorded at 3,6,9,12, and 21 days after egg hatch. Whorl stage of 
plant growth. Suwan Farm, May 1974 
Repli­
cation 
Location of larvae 
Xi Xt r-l 
-p •H 0) 
M W 
Q) 'd m 
•H ni 
Ui S E-i 





















3 1 17 3.4 5,7 45.8 
2 22 4.4 7.3 31.6 
3 26 5.2 8.7 36.6 
Average 4.3 7.2 38.0 
6 1 37 7.4 12.3 49.2 
2 26 5.2 8.7 39.2 
3 24 4.0 8.0 42.2 
Average 5.8 9.7 43.5 
9 1 8 1.6 2.7 46.4 
2 5 1.0 1.7 53.2 
3 12 2.4 4.0 60,0 
Average 1.7 2.8 53.2 
12 1 3 7 4 2.8 4.7 53.0 
2 1 1 6 1.6 2.7 62. 8 
3 1 3 0.8 1.3 48.2 
Average 1.7 2.9 54.7 
21 1 1 5 4 2.0 3.3 65.0 
2 2 7 4 2.6 4.3 61.4 
3 3 1 1 1.0 1.7 71.6 
Average 1.9 3.1 66.0 
Variety DMR#6 
3 1 2 0 4.0 6.7 50.4 
2 11 2.2 3.7 52.4 
3 14 2.8 4.7 48.2 
Average 3.0 5.0 50.3 
6 1 11 2.2 3.7 49.6 
2 11 2.2 3.7 58. 8 
3 16 3.2 5.3 52.6 
Average 2.5 4.2 53.7 
9 1 3 0.6 1.0 57.6 
2 5 1.0 1.7 55.8 
3 4 0.8 1.3 54.0 
Average 0.8 1.3 55.8 
12 1 6 1.2 2.0 60.2 
2 3 0.6 1.0 61.6 
3 3 0.6 1.0 46.6 
Average 0.8 1.3 56.1 
21 1 7 1.4 2.3 64.2 
2 3 0.6 1.0 90.6 
3 4 0.8 1. 3 72.0 
Average 0.9 1.6 75.6 
^Number of days plants were infested after egg hatch. 
^Each figure represents the total number of borers recorded from five plants. 
'^Percent survival based on the assumption that one egg mass contained 20 eggs. 
^Each figure represents average of five measurements. 
Table 57. Daily record of number cl: adults, nymphs, egg-clusters, and numph groups 
of a predaceous earwig, Proreus similans, in field corn. Suwan Farm, 
1974 























Early-planting season (April--July) 
May 18 93 0 0 0-0 93 1.2 9 315 35.0 
19 80 0 0 0.0 80 1.1 15 524 34.9 
20 103 5 133 26.6 236 3.2 22 791 35.9 
21 77 6 119 33.2 276 3.7 8 233 29.1 
22 132 5 114 22.8 246 3.3 23 904 39. 3 
23 115 9 214 23. 8 329 4.4 10 387 38.7 
24 136 6 239 39.8 375 5.0 8 265 33.1 
25 167 10 254 25.4 421 5.6 10 355 35.5 
26 154 16 230 14.4 384 5.1 11 384 34.9 
27 197 13 359 27.6 556 7.4 19 687 36.2 
28 168 14 338 24.1 506 6.8 19 597 31.4 
29 154 14 358 25.6 512 6.8 17 614 36.1 
30 137 18 373 20.7 510 6.8 30 1092 36.4 
31 157 17 403 23. 7 560 7,5 34 953 28. 0 
June 1 181 22 567 25.8 74 8 9.9 22 936 43. 8 
2 140 13 313 24.1 453 6.0 18 589 32. 7 




















. 0  





. 6  
. 2 
. 3 
16 418 26.1 590 7.9 38 1273 
18 421 23. 4 564 7.5 22 700 
27 520 19. 3 643 8.6 16 545 
14 281 20.1 417 5. 6 13 499 
19 358 18.8 490 6.5 16 552 
15 269 17.9 412 5. 5 10 370 
10 179 17.9 296 4.0 6 211 
19 212 11.2 337 4.5 10 384 
16 346 21.6 488 6.5 15 523 
14 245 17.5 357 4.8 10 335 
11 208 18.9 335 4.5 8 290 
7 155 22.1 299 4.0 8 277 
12 315 26.3 492 6.6 10 362 
12 200 16.7 362 4.8 8 282 
Average number of earwigs/plant/day = 5.5 
Average number of nymph groups/plant/day = 0.2 
Average no. of newly hatched nymphs/nymph-group = 21.3 
Average nuitiber of egg clusters/plant/day = 0.2 
Average number of eggs/egg cluster = 35.1 
Table 57 (Continued) 
Date of Number Newly-hatched nymph group 
observa- of Number Total Average 
tion adults of nymphs nymphs 
+ groups per 
nymphs group 
Earwigs Egg clusters 
Total Average/ Total Total Average 
plant clusters eggs eggs/ 
cluster 
Late planting season (August-Novemher) 
September 
5 40 0 0 0.0 40 0 „ 5  0 0 24.7 
6 53 0 0 0.0 53 0 „ 7  3 74 24.7 
7 66 0 0 0.0 66 0.9 1 25 25.0 
8 34 2 41 20.5 75 1.0 0 0 0,0 
9 58 2 29 14.5 87 1.2 0 0 0.0 
10 41 0 0 0.0 41 0.6 1 41 41.0 
11 45 0 0 0.0 45 0.6 0 0 0.0 
12 62 1 22 22.0 84 1.1 4 87 21.8 
13 68 1 35 35.0 103 1.4 1 28 28.0 
14 77 1 13 13.0 90 1.2 0 0 0.0 
16 77 0 0 0.0 77 1.0 11 12 12.0 
17 77 0 0 0.0 77 1.0 3 106 35.3 
18 79 0 0 0.0 79 1.1 4 121 30.3 
19 47 0 0 0.0 47 0.6 0 0 0.0 
20 51 0 0 0.0 51 0.7 0 0 0.0 
21 35 0 0 0.0 35 0.5 2 70 35.0 
23 31 0 0 0.0 31 0.4 1 30 30.0 
24 55 2 61 30.5 116 1.6 3 111 37.0 
26 56 1 26 26.0 82 1.1 1 25 25.0 
27 62 2 39 19.5 101 1.4 7 209 29.9 
28 81 2 54 27.0 135 l.,8 6 182 30.3 
30 111 5 112 22.4 223 3.0 6 163 27.2 
October 
1 100 4 75 18.9 175 2.3 7 202 28.9 
2 96 7 156 22.3 254 3.4 6 157 26.2 
3 101 6 161 26.8 261 3.5 4 111 27.8 
4 85 5 109 21.8 194 2.6 5 175 35.0 
5 129 6 158 26.3 287 3.8 8 330 41.3 
Average number of earwigs/plant/day = 1.40 
Average number of nymph groups/plant/day = 0.04 
Average number of newly hatched nymphs/nymph group = 22.80 
Average number of egg clusters/plant/day = 0.05 
Average number of eggs/egg cluster = 30.70 
o 
U1 
